Feather pecking, body condition and outdoor use of two genotypes of laying hens housed in different free range systems: The frequency of movement of laying hens between indoor and outdoor enclosures and the time hens spent outside the hen house in relation to feather pecking and condition of the integument. by Mahboub, Hamada D.H.
 
 
Clinic of Birds and Reptiles 
Faculty of Veterinary Medicine 
University of Leipzig 
 
and 
 
Department of Animal Breeding and Husbandry 
Faculty of Agriculture 
Martin-Luther University Halle-Wittenberg 
 
 
 
 
Feather pecking, body condition and outdoor use  
of two genotypes of laying hens housed in  
different free range systems 
 
 
 
 
Thesis 
for the degree of 
Doctor medicinae veterinariae (Dr. med. vet.) 
from the Faculty of Veterinary Medicine 
University of Leipzig 
 
 
 
presented by 
Hamada Dahy Hussein Mahboub, M.V.Sc. 
from El-Menia, Egypt 
 
 
 
 
 
 
Leipzig, 2004 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Mit Genehmigung der Veterinärmedizinischen Fakultät der Universität Leipzig 
 
Dekan: Prof. Dr. med. vet. Gotthold Gäbel 
  
Betreuer: Prof. Dr. med. vet. Maria-Elisabeth Krautwald-Junghanns 
 Prof. Dr. rer. nat. Eberhard von Borell 
  
Gutachter: Prof. Dr. med. vet. Maria-Elisabeth Krautwald-Junghanns 
Poliklinik für Vögel und Reptilien, Veterinärmedizinische Fakultät, 
Universität Leipzig 
 
 Prof. Dr. rer. nat. Eberhard von Borell 
Institut für Tierzucht und Tierhaltung, Landwirtschaftliche Fakultät,  
Martin-Luther Universität Halle-Wittenberg 
 
 Prof. Dr. med. vet. Uwe Truyen 
Institut für Tierhygiene und Öffentliches 
Veterinärwesen,Veterinärmedizinische Fakultät, 
Universität Leipzig 
 
 Prof. Dr. Dr. med. vet. habil Hafez Mohamed Hafez 
Institut für Geflügelkrankheit, Veterinärmedizinische Fakultät, 
Freie Universität Berlin 
 
Tag der Verteidigung:  18. Februar 2004
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
To 
my family 
 
  
 
Contents                                                                                                                                     I 
___________________________________________________________________________ 
TABLE OF CONTENTS 
 
 
ABBREVIATIONS III
  
1 INTRODUCTION 1
  
2 REVIEW OF LITERATURES 4
2.1 Housing systems 4
2.1.1 Free range system 5
2.1.1.1 Advantages of free range systems 6
2.1.1.2 Problems associated with free range systems 7
2.1.1.3 Factors affecting utilisation of outside areas 8
2.2 Behaviour patterns of free range laying hens 9
2.2.1 Feather pecking  9
2.2.1.1 Causes of feather pecking  9
2.2.1.2 Hypotheses of causation of feather pecking 11
2.2.1.3 Classification of feather pecking 12
2.2.1.4 Serious effects of feather pecking 14
2.2.1.5 Control of feather pecking 14
2.2.2 Behaviours related to feather pecking 15
2.2.2.1 Forging behaviour 15
2.2.2.2 Dustbathing 16
2.3 Feather condition 17
2.3.1 Function, structure and types of feathers 17
2.3.2 Destruction of feathers 18
2.3.3 Feather scoring  19
2.3.4 Methods of feather scoring 20
  
3 MATERIAL AND METHODS 22
3.1 Animals and general management 22
3.2 Housing condition 23
3.3 Experimental design 25
3.3.1 Experiment 1 25
3.3.2 Experiment 2 25
3.4 Behavioural observations 25
3.4.1 Video recording and camera positions 25
3.4.2 Feather pecking 26
3.4.3 Other behaviour activities 27
3.5 Movement of hens between inside and outside areas 27
3.6 Feather scoring 29
3.6.1 Target body areas 29
3.6.2 Scoring method 30
3.7 Measurement of egg production and body weight 31
3.8 Statistical analysis 31
  
Contents                                                                                                                                     II 
___________________________________________________________________________ 
  
4 RESULTS 32
4.1 Housing condition (Experiment 1) 32
4.1.1 Effect of housing condition on the rate of feather pecking 32
4.1.2 Feather pecking to body parts 33
4.1.3 Location of feather pecking activity 35
4.1.4 Effect of housing condition on behaviour patterns 35
4.1.5 Effect of housing condition on the feather condition 36
4.1.6 Effect of housing condition on skin injuries 40
4.1.7 Effect of housing condition on the frequency of movement  
and duration of time hens spent in inside and outside areas 41
4.1.8 Relationships between body weight, condition of feather and skin,  
Frequency of movement and proportion of time spent outside 45
4.1.9 Effect of housing condition on the body weight 45
4.1.10 Effect of housing condition on egg production 46
4.2 Genotype (Experiment 2) 46
4.2.1 Effect of genotype on the rate of feather pecking 46
4.2.2 Feather pecking to body parts 48
4.2.3 Location of feather pecking activity 50
4.2.4 Behavioural activities in LT and LSL hens 50
4.2.5 Effect of genotype on the feather condition 51
4.2.6 Effect of genotype on skin injuries 55
4.2.7 Effect of genotype on the frequency of movement  
and duration of time hens spent in inside and outside areas 56
4.2.8 Relationships between body weight, condition of feather and skin,  
Frequency of movement and proportion of time spent outside 59
4.2.9 Effect of genotype on the body weight 60
4.2.10 Effect of genotype on egg production 60
  
5 DISCUSSION 61
5.1 Methods 61
5.2 Housing condition 61
5.3 Genotype 68
5.4 Diurnal rhythm of feather pecking 73
5.5 Relationships between body weight, condition of feather and skin,  
Frequency of movement and proportion of time spent outside 
73
5.6 Conclusion 73
  
6 SUMMARY 75
  
7 ZUSAMMENFASSUNG 77
  
8 REFERENCES 79
 
Abbreviations                                                                                                                           III 
___________________________________________________________________________ 
ABBREVIATIONS 
 
Aug August 
Cm Centimetre 
cm² Square centimetre 
Dec December 
g Gram 
GL Grassland 
h Hour 
LSL Lohmann Selected Leghorn 
LS-Means Least squares means 
LT Lohmann Tradition 
m² Square meter 
Nov November 
ns Non-significant 
Oct October 
PH Poultry house  
s Second 
SE Standard Error 
Sept September 
vs. Versus 
WG Winter garden (bad weather run) 
 
Introduction 
___________________________________________________________________________ 1
1   INTRODUCTION 
 
 Recent public concern on the welfare of laying hens in battery cages has shifted interest 
and research toward alternative housing systems. In addition, the European Union (Council 
directive 1999/74/EC) has agreed to ban the use of conventional battery cages from 2012 on. 
This ban does not include the so-called enriched cage, which is, in effect, the old cage with 
slightly more space and additional facilities, such as perches, nesting and dustbathing areas. On 
the other hand, the German government has already decided to also ban the enriched cages.  
 
Housing of laying hens in battery cages is considered to be far from ideal, as the 
behaviour of caged birds is severely restricted (NICOL 1987; DAWKINS and HARDIE 1989; 
HUGHES et al. 1989; van LIERE 1992). Alternative systems (such as aviary and free-range 
systems) have been developed to provide an environment in which the performance of 
behaviours such as wing flapping, flying, running, exploration, scratching, dustbathing or nesting 
is possible (BLOKHUIS and METZ 1995) and enable the laying flocks to move freely between 
the inside of a building and outside pasture areas (von BORELL et al. 2002).  
 
In free range systems, hens have continuous daytime access to open-air run that is mainly 
covered with vegetation. Free range systems potentially provide a major advantage for poultry 
welfare. However, in practice, there are problems such as dirty and displaced eggs, parasites, 
interference by predators, uneven distribution of birds, preference for the area close to the house, 
grassland damage, feather pecking and cannibalism (APPLEBY et al. 1992; JONES 1997; 
BUBIER and BRADSHAW 1998).  
 
Pecking in poultry has various directions and differential purposes. Beak related 
activity is considered as a form of exploration that may be either directed toward feeders, 
drinkers or surrounding environments including the conspecifics. Pecking of another bird is 
mainly directed toward feathers. Subsequently, feather pecking consists of pecking or 
plucking the feather of the recipient bird and is considered to be an abnormal behaviour in 
poultry. This behaviour is considered as one of the major economic and welfare problems in 
the egg industry (BLOKHUIS 1989) and – apart from this – one of the major disease 
complexes the veterinarian has to deal with in the poultry medicine. It not only leads to 
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feather damage but may also result in injuries and even to the death of birds (HUGHES and 
DUNCAN 1972; ALLEN and PERRY 1975; APPLEBY and HUGHES 1991). 
 
The degree of pecking activity may range, according to its intensity, from 1) simple 
nibbling, 2) pecking a feather without pinching, 3) pinching a feather and pulling weakly, 4) 
pulling at a feather with vigorous backward movement of the head, to 5) plucking a feather 
(WECHSLER and HUBER-EICHER 1998; WECHSLER et al. 1998; AERNI et al. 2000). 
 
 Beak trimming is commonly used to prevent or control pecking damage. In addition, beak 
trimmed laying fowl have a low rate of mortality, eat slightly less food and have a slightly 
improved food conversion ratio (LEE and CRAIG 1991). However, this measure can not solve the 
problem completely, and it has a negative impact on welfare, as it destroys or removes not only 
horny parts of the beak, but also underlying innervated tissues and leads to permanent damage 
of a highly specialised bill tip organ and thus causes chronic pain (DUNCAN and SLEE 1989; 
GENTLE et al. 1990; PETERMANN and FIEDLER 1999), reduce responsiveness to novel stimuli 
(van LIERE 1995) and apathy (CRAIG and LEE 1990; LEE and CRAIG 1991). 
 
 Several studies have shown that poultry housing features that provide enrichment through 
foraging substrates such as litter (HUGHES and DUNCAN 1972; SIMONSEN et al. 1980; 
BLOKHUIS and ARKES 1984; BLOKHUIS 1986), long cut straw from perforated plastic baskets 
(N∅RGAARD-NIELSON et al. 1993), and polystyrene blocks (HUBER-EICHER and WECHSLER 
1998; WECHSLER and HUBER-EICHER 1998) and stimulate ground scratching and pecking 
through the supply of grain in the litter (BLOKHUIS and van DER HAAR 1992), and therefore 
reduce the incidence and severity of feather pecking. It is therefore of great importance to identify 
the suitable housing conditions in which this abnormal behaviour does not develop. 
 
For this purpose, from 2000 until 2002, we recorded the frequency of the bird’s 
movements between in and outside areas and the time spent in each area under different housing 
systems on the basis of a newly developed individual recording system with transmitters and 
antennas, for future improvement of performance and welfare of free range laying hens. In detail, 
the purpose of this study was to investigate the following points: 
¾ Frequency of movement of laying hens between indoor and outdoor enclosures. 
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¾ The time hens spent outside the hen house. 
¾ The proportion of feather pecking in inside and outside enclosures. 
¾ Effect of housing condition and genotype on the rate of feather pecking and plumage 
condition. 
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2   REVIEW OF LITERATURES 
 
2.1  Housing systems: 
 
Poultry houses for laying hens vary substantially according to the kind of bird and the 
purposes of rearing. Generally, there are two main categories refered to as intensive vs. 
alternative systems. Some of non-cage systems existed before cages were in use, or emerged at 
about the same time; others were developed in an effort to give birds more freedom than cages.  
 
In the last years, the keeping of laying hens under alternative systems became furthermore 
desirable in June 1999 as the European Union passed a new directive (Council Directive 
1999/74/EC) that bans the introduction of newly built battery cages from 2003. In October 
2001, the German Bundesrat passed Legislation for Keeping Laying Hens, which states that from 
January 1st, 2007 all traditional cages will be prohibited, and from January 1st, 2012 on also 
enriched cages. This law already impacted the tendency to replace cages with non-cage systems 
(Figure, 2.1). Subsequently, in Europe, the number of free range system increased between 1997 
and 2000 compared to other non-intensive systems, (Table 2.1). 
 
Table 2.1 EU layer hens kept in alternative (non-intensive) systems (1000 hens): 
 
 Year Free 
range 
Semi-
intensive 
Deep 
litter 
Perchery % of Total 
EU 1997 
1998 
1999 
2000 
9,981 
11,197 
13,579 
14,129 
2,289 
1,666 
2,315 
531 
7,855 
8,748 
9,751 
10,187 
1,447 
2,091 
3,226 
2,756 
6 
7 
8 
8 
Source: Poultry international, May, 2002. 
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Figure 2.1 Percent of farms (more than 3 000 hens per farm) with different housing 
systems in Germany between 1995 and 2000 (ZMP 2001). 
 
2.1.1  Free range system: 
 
 The term free range tends to be used more generally to describe all outdoor systems, 
but the degree of freedom is greater for birds on true free range (ELSON 1985). Free range is 
one of several alternative systems that consists of a house and a range. The house is either 
fixed or moveable and used mainly for feeding, drinking and during night. The birds have 
continuous daytime access to open-air runs, which are mainly covered with vegetation. In the 
outside run, birds are under a natural environment where they are exposed to a variety of 
climatic conditions, unfamiliar stimuli and predators. 
 
According to the old marketing directive from Commission of the European 
Communities (1985), there were two free range systems: free range at a stocking density of 
one hen per 10 m² and semi-intensive with 2.5 m² per hen. According to the new directive 
(EU-Regulation 1804/1999/EC), stocking density on grassland has to be 4 m² per hen at 
least.  
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2.1.1.1  Advantages of the free range systems: 
 
 The presence of chickens in an open-air run not only provides the chance to perform a 
variety of natural behaviours but also is under natural environmental conditions. 
Consequently, there are advantages related to behavioural aspects, emotional status, healthy 
status and economy.  
 
From the behavioural point of view, free range offers more space for every bird thus 
the distance between birds is large. Therefore, the outside run is better for behaviours that 
require more space than standing such as wing stretching, wing flapping, preening, feather 
ruffling and turning (DAWKINS and HARDIE 1989). Particularly, feeding, locomotion, 
preening and comfort behaviours are improved in outdoor areas compared to indoor housings. 
FÖLSCH (1978) reported that behavioural activities (such as moving) of the chickens in the 
outside run were as much as in a deep litter system.  
 
For emotional status, birds, which spent more than half of their time outside, react less 
fearful than those that have never seen the outside area (GRIGOR et al. 1995). SCOTT et al. 
(1998) reported that free range laying hens showed less fear reactions after transport than 
caged hens.  
 
Sunlight has favourable effects on the health of birds. Exposure to ultraviolet ray lead 
to an intensification of metabolism and breathing, increase the number of red blood 
corpuscles and stimulate the inner glands, in addition to synthesis of vitamin D in the skin 
(HUBER 1987). Controlling of claw length is also achieved by walking freely in an outdoor 
area. 
 
Economically, good egg production is often achieved on free range (HUGHES and 
DUN 1986). The reason for an increasing demand on the part of the consumers for free range 
eggs that have to pay more money for these eggs than from other systems is not always clear. 
They presume that free range eggs taste better and the eggs should be healthier than those 
from “unnatural” cages (APPLEBY et al. 1992). 
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2.1.1.2  Problems associated with free range systems: 
 
 There are some problems facing free range laying hen farms. These are uneven 
distribution of birds on pasture, where they use the area near the house heavily but the rest 
very little, feather pecking, cannibalism (APPLEBY et al. 1992; JONES 1997; BUBIER and 
BRADSHAW 1998), high risk of helminth infection, pododermatitis, deformation of the keel 
bone, and amputated beaks (KEUTGEN et al. 1999; PERMIN et al. 1999). Moreover, dirty 
eggs and loss of birds by predators are common. LÖLIGER et al. (1981) reported a rather 
high incidence of predation by birds of prey in German free range units. 
 
SAINSBURY (1980) speculated that the welfare of free range birds may be poor 
during extreme winter weather as their egg production is substantially reduced. Furthermore, 
problems are associated with winter or windy weather conditions as free range laying houses 
will cool down rapidly and relative humidity increases. Therefore the regulation of the 
climatic condition in the house is difficult. The low temperature in the house stimulates the 
bird to eat more. This will increase the feeding costs of egg production. In addition, wetting of 
litter in laying houses as a result of outdoor wetness by the rain and snow is another problem 
(APPLEBY et al. 1992; RAUCH 2000). 
 
Free range systems require considerably more labour input than intensive systems. An 
assessment of the number of birds that can be managed by an experienced stock person on a 
large mechanised poultry farm is given in Table 2.2. 
 
Table 2.2 Number of managed birds per person in different housing systems (after 
HUNTON 1995): 
Systems No. of birds / person 
Cages 
Aviary / perchery / deep litter 
Free range 
20,000 - 40,000 
10,000 - 25,000 
5,000 - 8,000 
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2.1.1.3  Factors affecting utilisation of outside areas: 
 
 Free range environments are likely to include threating elements, such as novel places 
and objects, lack of shelter, and the risk of predation. Therefore, many birds appear reluctant 
to leave the poultry house and to move out into a free range area when given the opportunity. 
Indeed, only small proportions of the flocks are reported to be observed outside (GRIGOR 
1993). Consequently, utilisation of the outdoor area by laying hens is affected by some factors 
which are related to housing design, management, flock size, genotype, and weather 
condition.  
 
Number, distribution, and size of the passages to the outside areas play an important 
role. Distribution of the pop-holes through the complete length of the building with suitable 
sizes (not less than 0.2 cm / hen, Council Directive 1999/74/EC) between inside and outside 
areas are better and encourage hens to go out. In relation to group size, some studies reported 
a negative correlation between group size and the percentage of hens which used the outside 
area (HÄNE 1999; NIEBUHR 2001). However, exposure of birds to extreme weather (wind, 
rain, cold) without protectors such as shelters or trees lead to a decrease in the duration of 
time hens spent in the range (HUGHES and DUN 1984; SOMMER 1999; MAHBOUB et al. 
2002b). 
 
Nevertheless, other factors contribute to a decrease in the frequency of movement of birds 
to outside areas such as not using ad libitum feeding system, damaging of vegetation area close 
to the poultry house where it was a barren to the grassy area which became faraway and 
uninteresting to go by birds, and open grassland did not offer any protection against predators 
(BUBIER and BRADSHAW 1998). Moreover, low flying aircraft and/or hovering helicopters 
often cause intense fear reactions and this problem is much more pronounced in flocks kept on 
free range (Jones 1996). Also the genotype has an obvious role as KJAER and ISAKSEN 
(1998) found that hens using the outdoor area ranged from 2% (New Hampshire) over 15% 
(ISA Brown) to 26% (White Leghorn). 
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2.2  Behaviour patterns of free range laying hens: 
 
2.2.1  Feather pecking: 
 
 Feather pecking is defined as the pecking of the bird’s feathers by another bird. It may 
be directed to the plumage on any part of the body. The parts of the body that are targets for 
feather pecking vary depending on the location of the bird giving the peck and the victims 
(BILCIK and KEELING 2000). Mostly, feather pecking occurred at resting zones and feeding 
areas (HANSEN 1992).  
 
Birds can begin to peck each other at any age. In the 3rd week of life, pecking 
commenced leading to feather loss and it increases thereafter (SAVORY and MANN 1999). 
Indeed, feather pecking can occur during both the rearing and laying periods of domestic fowl 
(HUGHES and DUNCAN 1972; ALLEN and PERRY 1975). APPLEBY et al. (1992) 
hypothesised that some individuals specialise in feather pecking and that other group 
members copy the behaviour of these birds. 
 
2.2.1.1  Causes of feather pecking: 
 
 Despite numerous investigations, the causation of feather pecking is not fully understood, 
in that there are many causes. If one or more are combined feather pecking appear (HUGHES 
and DUNCAN 1972). 
  
Appearance and development of feather pecking in fowl during any age or period of 
life depend on many factors, including environment, nutrition, management, stress and 
genetics, which may play a real or predisposing role in this behaviour. 
 
Environmental factors: 
Exposure of birds to environmental factors such as high light intensity, poor 
ventilation, high temperatures or low humidity was associated with severe feather pecking 
(HUGHES and DUNCAN 1972; BESSEI 1983; BRAASTAD 1986; KJAER and 
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VESTERGAARD 1998). It may also be due to physical effects, as crowding leads to a 
restriction of movement (APPLEBY et al. 1992). 
 
Nutritional factors: 
Feeding pelleted feeds, dietary imbalance, lack of feeding and feed time or three or 
more changes of diet during the laying period lead to the development of feather pecking 
damage (BEARSE et al. 1949; JENSEN et al. 1962; CALET 1965; BESSEI 1983; 
LENDBERG and NICOL 1994; AERNI et al. 2000; GREEN et al. 2000). On the other hand, 
SAVORY and MANN (1997) found no significant effect of food characteristic on feather 
pecking.  
 
The researches that are concerned with the effect of dietary protein sources on feather 
pecking did not support the notion that inclusion of fishmeal in layer diets prevent or alleviate 
feather pecking and cannibalism. Pecking damage was seen in groups receiving both animal and 
plant protein diets. However, MCKEEGAN et al. (1999) observed that the high numbers of 
vigorous, potentially, damaging pecks was obvious in birds fed on plant protein. 
 
Management factors: 
An increased risk of beak-inflicted feather damage was due to some management 
factors such as disturbances of the flock during inspection by one person, an absence of loose 
litter at the end of lay, turning the light up at the time of inspection, the use of bell-drinkers, 
mixing the birds with strangers, no access to straw, housing condition restricted in relation to 
foraging material, insufficient nests, increase group size or high stocking density (APPLEBY 
et al. 1992; AERNI et al. 2000; BILCIK and KEELING 2000; GREEN et al. 2000; EL-
LETHEY et al. 2001; CLOUTIER and NEWBERRY 2002a). However, CARMICHAEL et 
al. (1999) found that the incidence of damaging pecking was low and not dependent on 
density. 
 
Stress and fear factors: 
Recently, it has been suggested that feather pecking in laying hens is associated with 
stress. EL-LETHEY et al. (2000) studied the effects of adding or depriving of straw (foraging 
material) and food form as a stressor for feather pecking. In addition, several studies 
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supported that fear and feather pecking may be positively associated. HUGHES and 
DUNCAN (1972), OUART and ADAMS (1982) reported that feather pecking was more 
pronounced among fearful groups of hens. Also, Red Junglefowl characterized as high feather 
peckers were found to be the most fearful as estimated by their tonic immobility reactions 
(VESTERGAARD et al. 1993), and panic and hysteria are thought to increase the risk of 
feather pecking and cannibalism (MILLS and FAURE 1990). 
 
Genetic factors: 
The nature of the genetic background in relation to the differences in the rate of feather 
pecking, quality of plumage and mortality from cannibalism between populations of domestic 
fowl is less well known. Several studies suggested that the propensity of feather pecking may 
be sensitive to genetic manipulation (CUTHBERTSON 1980; CRAIG and LEE 1990; KUO 
et al. 1991). Indeed, the number of hen-days without feather pecking damage was increased 
after two generations of direct selection against this abnormal behaviour (CRAIG and MUIR 
1993).  
 
2.2.1.2  Hypotheses of causation of feather pecking: 
 
 In the literature, the causation of feather pecking was explained by three different 
hypotheses.  
 
Dustbathing hypothesis: 
 
In this hypothesis, VESTERGAARD et al. (1993) suggested that the primary cause of 
feather pecking is an abnormal development of the perceptual mechanism responsible for the 
detection of dust for dustbathing. According to this hypothesis, feather pecking originates 
from dustbathing behaviour that is misdirected at the feathers of conspecifics if the birds do 
not have access to an appropriate dustbathing substrate in early development (HUBER-
EICHER and WECHSLER 1997). 
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Ground-pecking hypothesis: 
 
 The ground-pecking hypothesis explains that ‘feather pecking is considered as 
redirected ground pecking’ (BLOKHUIS 1986). In a series of experiments a low rate of 
ground pecking was associated with a high rate of feather pecking at conspecifics and vice 
versa (BLOKHUIS and ARKES 1984; BLOKHUIS 1986, 1989).  
 
BLOKHUIS (1989) suggested that feather pecking might be related to foraging 
behaviour. He hypothesized that pecking at particles on the plumage of conspecifics may 
facilitate the direction of pecking on to feathers and this redirection of ground pecking takes 
place because of the low incentive value of floors without litter. However, BILCIK and 
KEELING (2000) found that birds doing a lot of feather pecking also showed more ground 
pecking when looking at the behaviour of individuals. 
 
Social hypothesis: 
 
 This hypothesis studies the early feather pecking as a form of social exploration. 
RIEDSTRA and GROOTHUIS (2002) argued that gentle feather pecking at an early age plays 
an important role in the development (social exploration) and maintenance of social 
relationships between chicks. 
 
2.2.1.3  Classification of feather pecking: 
 
 In relation to previous studies, feather pecking may describe several forms of pecking and 
it was classified by using different terms and ways. Table (2.3) shows the different feather pecking 
terms and their definitions. 
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Table 2.3 Feather pecking terms and their definitions: 
Source Terms and definitions 
WOOD-GUSH and ROWLAND 
(1973) 
*Allopecking: when one bird touched another with its beak without 
obviously aggressive. 
KEELING (1994) divided feather 
pecking according to the force of the 
peck and reaction of the pecked bird 
into: 
*‘Gentle’: light pecks, often in bouts. 
*‘Severe’: forceful pecks, pecked bird moves away. 
 
VESTERGAARD (1994) *Feather pecking: only for pecks which lead to damage of feathers.  
*Allopreening & allopecking: all other kinds of pecks directed towards 
feather of other birds. 
LEONARD et al. (1995) used the 
term ‘allopeck’ for all types of pecks 
and subdivided it into: 
*Allopreening: light touch, nibbling motion of the bill 
*Light pecking: as previously but without the nibbling motion 
*Aggressive pecks: forceful pecks. 
*Pulling: grasping and pulling of feathers.  *Toe pecks. 
WECHSLER and HUBER-EICHER 
(1998) said that every feather 
pecking interaction was, according to 
intensity, attributed to: 
*Pecking a feather without pincing, 
*Pincing a feather and pulling weakly, 
*Pulling at a feather with vigorous backward movement of the head, 
*Plucking a feather. 
BILCIK and KEELING (1999) *Gentle: careful pecks, not resulting in feathers being pulled out and usually 
without reaction from the recipient bird. 
*Severe: forceful pecks, sometimes with feathers being pulled out and with 
the recipient bird moving away. 
NICOL et al. (1999) 
Pecks were categorised as follows:  
*Aggressive pecks: directed to the head of another bird and accompanied 
by a threat posture and an avoidance response by the recipient. 
*Mild feather pecks: directed to any part of the plumage of a recipient bird, 
involving pecking at a feather without pincing, or pincing the feather and 
pulling slightly. 
*Severe feather pecks: directed to any part of the plumage of a recipient 
bird, involving pulling at a feather with a vigorous backward movement of 
the head, or removal of the feather. 
*Vent pecks: directed to the cloacal region of a recipient bird. 
SAVORY and MANN (1999) *Non-aggressively pecks: furtive, deliberate, gentle or vigorous, pecks or 
pulls, persistent, recipient may withdraw eventually. 
*Aggressively pecks: overt, rapid, forceful, recipient usually withdraw 
immediately. 
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2.2.1.4  Serious effects of feather pecking: 
 
 Feather pecking is a debilitating behaviour performed by poultry. Its effects are not only 
limited to the bird itself but also to the farmer. On the bird level, feather pecking leads to 
destruction or removal of the feathers of the recipient, sometimes including consumption of the 
feathers. Damaged feathers stimulate more feather pecks than undamaged feathers (MCADIE 
and KEELING 2000). Removal of feathers is painful for the victim (GENTLE and HUNTER 1991) 
and feather loss impairs thermoregulatory and flying ability. In good feathered birds, the heat loss 
from the body is maintained (DESCHUTTER and LEESON 1986) while defeathered birds loose 
more heat to the environment and thus they have a high metabolic rate (HERREID and KESSEL 
1967; RICHARDS 1977; LEE et al. 1983; MICHELS et al. 1985; HERREMANS and DECUYPERE 
1986) and therefore the bird needs more than 40 % extra energy (TAUSON and SVENSSON 
1980).  
 
Bleeding is associated with feather breakage; removal or skin injury during bouts of 
feather pecking has been reported to stimulate cannibalism (HUGHES and DUNCAN 1972; 
CUTHBERTSON 1978). Hence, there was a positive correlation between the frequency of severe 
feather pecking at the flock mates and the frequency of cannibalistic behaviour (BLOKHUIS and 
ARKES 1984; SAVORY and MANN 1997; CLOUTIER et al. 2000). As a result, feather pecking 
is widely regarded as one of the major welfare problems facing laying hens (BLOKHUIS 1989; 
JONES 1997).  
 
On the producer level, feather pecking has an economic impact as well through 
consumption of more food by hens with damaged plumage to compensate for heat losses 
(PEGURI and COON 1993), its adverse effect on egg production (HUBER-EICHER and SEBÖ 
2001), and even death of birds (HUGHES and DUNCAN 1972; ALLEN and PERRY 1975; 
APPLEBY and HUGHES 1991). 
 
2.2.1.5  Control of feather pecking: 
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 Beak trimming is a procedure widely used in the poultry industry for reducing the 
incidence and harmful effects of feather pecking, aggressive pecking and cannibalism. However, 
as a result of its negative effects on the birds, several studies were concerned with managemental 
practices for reducing the occurrence of feather pecking in growers and preventing problems in 
the laying period.  
 
During the rearing period, feather pecking was reduced by using low densities, access to 
elevated perches (height > 35 cm) from no later than week 4 of age (HUBER-EICHER and 
AUDIGE 1999; HUBER-EICHER and SEBÖ 2001), early access to the range area whereas 
stocking density / group size inside the house is reduced (APPLEBY et al. 1988) and the 
environment outside has to be more complex (HUBER-EICHER and WECHSLER 1998).  
 
Chicks that had access to sand and straw during the whole rearing period did not 
develop severe feather pecking and cannibalism as well (JOHNSEN et al. 1998). On the other 
hand, housing conditions that promote foraging behaviour (HUBER-EICHER and WECHSLER 
1997), maintain birds under low lighting intensity, provide of straw and dietary supplementation 
with tryptophan (SAVORY 1998; SAVORY et al. 1999) lead to a decrease in this abnormal 
behaviour in the laying period. 
 
2.2.2  Behaviours related to feather pecking: 
 
2.2.2.1  Foraging behaviour: 
 
Foraging behaviour is exploratory and manipulative behaviour away from the feeder in 
which the bird is pecking at the floor or at other parts of the pen (except the food) or is standing / 
moving with its head in a lower position than the rump (HUBER-EICHER and WECHSLER 1997). 
Access of birds to straw or supply of grain in the litter led to an increase in foraging (AERNI et al. 
2000; BLOKHUIS and van DER HAAR 1992), whereas, foraging behaviour decreased in 
incidence with crowding (CARMICHAEL et al. 1999). However, the foraging activity depended 
on the quality and the availability of the foraging materials (HUBER-EICHER and WECHSLER 
1998).  
 
Review 
___________________________________________________________________________ 16
The domestic fowl in most modern housing systems has limited opportunity for exploration. 
But under free range, a considerable amount of exploratory behaviour is performed in the form of 
food searching which may take them several meters away from the house. 
 
When the bird is given a chance to browse on herbage it will forage by scratching on the 
ground, exposing small food items, which are pecked up. HUGHES and DUN (1984) observed 
that medium hybrid hens in a small flock on free range, with access to ad libitum mash inside their 
house, ate grasses from the pasture, estimated at 50 g dry matter/day. So this amount of grass, 
which has relatively high fibre content, would have made an appreciable contribution to the hens’ 
energy requirements. Also the carotene causes a deep yellow colour of the egg yolk.  
 
In non-cage systems, such as covered strawyards or deep litter, foraging in the form of 
scratching or pecking at material on the ground occupied between 7 and 25 % of the birds’ time. 
When pasture, litter or other loose material is available birds will forage even though they were 
fed regularly (HUGHES and DUN 1986; GIBSON et al. 1988; APPLEBY et al., 1989).  
AERNI et al. (2000) suggested that birds fed on mash used the food not only for feeding 
but also as a substrate for foraging behaviour. The provision of straw to chicks that had 
developed high rates of feather pecking led to a decrease in this behaviour, therefore, promoting 
of foraging behaviour is effective in reducing and preventing feather pecking (HUBER-EICHER 
and WECHSLER 1997). 
 
2.2.2.2  Dustbathing: 
 
 The comfort behaviour of dustbathing is different from others (such as preening, 
stretching) in that it needs dust, sand or other loose material to complete its final form. When 
a loose substrate is not available as on slats or wire, dustbathing movements occur but more 
briefly (VESTERGAARD 1980). Dustbathing is performed once every 2–3 days in which 
birds are lying and rubbing litter material through their feathers (VESTERGAARD 1982b). 
These fluttering movements help to distribute or remove oily secretions and may help to 
control parasites. van ROOIJEN (1989) suggested that dustbathing is affected by the 
condition of the plumage, where the presence of fatty materials on the feathers leads to 
increase dustbathing behaviour.  
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Nevertheless, dustbathing has physical as well as behavioural effects; its limitation in 
conventional cages or lack of loose material in some systems is often considered as a welfare 
problem (VESTERGAARD 1982a; FARM ANIMAL WELFARE COUNCIL 1986) where birds, 
which are deprived of loose material, might suffer from frustration (APPLEBY et al. 1992). 
 
The rate of dustbathing in the flock may depend on the quality of loose substrate as 
well as exposure to stress. ODEN et al. (2002) found that more birds used the litter when it 
was in good quality and also there were significantly more birds’ dustbathing when the litter 
contained loose material. In addition, lack of dustbathing behaviour is associated with the 
experience of stress (VESTERGAARD et al. 1997). 
 
In relation to feather pecking, during dustbathing the birds showed intention fluttering 
movements and thus feather pecking was most likely to occur (VESTERGAARD et al. 1993). 
 
2.3  Feather condition: 
 
The condition of the birds’ plumage is affected by some factors such as feeding (crude 
protein content in the diet, or lack of food), rearing system, climatic condition, age, fear and 
feather pecking. 
 
2.3.1  Function, structure and type of feathers: 
 
The feathers are considered as a first line of defence to protect the bird from cold, 
sunbeam and mechanical damage of the skin. Feathers act also as a water protection, last but not 
least, have an important function for the ability to fly. In addition, feathers play an important role 
in the regulation of body temperature by reducing heat loss from the body (DESCHUTTER and 
LEESON 1986). 
 
Each feather consists of a tapering shaft bearing barbs with interlocking barbules forming 
a flexible vane (Figure 2.2).  
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There are six types of feathers: the most obvious are those that cover the outer surface of 
the body and include the flight feathers and the contour feathers. These feathers vary in thickness 
and range from the large and stiff flight feathers to the much softer and more delicate feathers that 
cover and shape the body. Contour feathers cannot carry out their function perfectly unless they 
are in good condition. If the barbules should become separated, regular preening ensures them 
to remain firmly interlocked and also the distribution of the secretions of the preen gland helps to 
rearrange disturbed plumage. The other types of feather include down feathers, which provide 
particularly effective insulation against the cold weather. Each down feather has a quill and a soft 
head of fluffy barbs, but there are no barbules. Powder feathers produce a white powder, which 
helps to protect the contour feathers from water and help to insulate the bird. Semiplumes have a 
large shaft with downy vanes. They are usually hidden beneath the contour feathers and are 
small and insulating the bird’s body and provide flexibility at constricted areas, such as the base 
of the wings. At the base of each contour feather, there is a filoplume, which has a simple, hair 
like structure. Filoplume feathers are richly innervated as they play a role in keeping contours in 
their position during preening, display, and flight. Bristles which lack barbs, are found around the 
eyes and base of the beak, and have a tactile function (SCHOLTYSSEK 1987; BESSEI 1988; 
APPLEBY et al. 1992). 
 
2.3.2  Destruction of feathers: 
 
Destruction of feathers, which is caused by feather pecking, takes different forms and 
depends upon the intensity of feather pecking, frequency of pecking and type of feather. 
Firstly, damage of the feathers’ vane is either in the form of barbules damage, which leads to 
separation of the vane, (Figure 2.3), or cutting of barbs that is accompanied by the absence of 
the whole vane or part of it. Separation of the barbs vane appears in the form of an opening 
vane and it does not return to a normal position by preening. The third form of damage is a 
broken main shaft (BURCKHARDT et al. 1979). These forms may be seen alone or together 
in one feather. Sometimes the feathers may be missed completely due to feather plucking 
leaving bald areas. 
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Figure 2.2 Feather structure a. Primary flight feather from the wing. b. Diagram 
showing how the barbs interlock by means of the hooked barbules (after KING and 
McLELLAND, 1975). 
 
2.3.3  Feather scoring: 
 
Destruction of the feathers results in different degrees according to the intensity (from 
pecking to pulling) and frequency (bouts) of feather pecking. Increased frequency of feather 
pecking resulted in more damage for plumage (HUBER-EICHER and SEBÖ 2001), 
consequently, BILCIK and KEELING (1999) suggested that feather scoring is considered a 
reliable method for the assessment of feather pecking activity in the flock. On the other hand, 
KJAER (2000) explained that the lack of correlation between feather pecking behaviour and 
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Figure 2.3 Damaged feather showing separation of the vane (split areas) (after 
BURCKHARDT et al., 1979). 
 
plumage condition might be attributed to the fact that a high intensity of feather pecking soon 
results in a denudation of most hens, after which point further feather pecking only has a little 
damaging effect and therefore cannot be documented by scoring of the plumage condition. 
 
2.3.4  Methods of feather scoring: 
 
The scoring methods used for the estimation of feather pecking damage are based on two 
main types of scores referring to the quality of the plumage and the regions of the body. 
HUGHES and DUNCAN (1972) estimated feather pecking damage by giving a single score, 
from 0 to 4, for the whole body. The same 5 points, but given separately for 4 body parts, were 
used by ALLEN and PERRY (1975). TAUSON et al. (1984) assessed the condition of plumage 
and skin by using an integer score of 1 to 4, where 4 meant no damage (perfect plumage) and 1 
a very poor condition (or denuded), for five different parts of the body: neck, breast, back, wings 
and tail.  
 
Open or 
split areas
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A more detailed scoring method on the basis of a photographic image was published by 
GUNNARSSON et al. (1995). They divided the body into 11 regions: head, upper neck (back 
side of the neck), back (part between wings), rump, tail, belly (abdomen), breast, under neck 
(front side of the neck), wings-primary feathers, wings-coverts, and legs.  
 
In another method used by SAVORY (1998) back, tail, neck and wings are scored 
separately as follows: 0, no damage; 1, slight feather damage / loss with no bare skin; 2, < 1 
cm² skin denuded; 3, up to 5x5 cm² bare skin or < 1 cm² bare skin with minor haemorrhage; 4, > 
5x5 cm² bare skin, or up to 5x5 cm² bare skin with < 1 cm² haemorrhage; 5, 1-2 cm² 
haemorrhage, or > 5x5 cm² bare skin with < 1 cm² haemorrhage.  
 
Table (2.4) shows the scoring method used by BILCIK and KEELING (1999) to evaluate 
the feather condition by giving a score from 0 (best) to 5 (worst) with special criteria used for 
scoring flight feathers (tail and primaries) compared to feathers on the rest of the body because of 
the different types of feathers and damage.  
 
AERNI et al. (2000) used a 4 and 3 point scoring system: 1 (perfect plumage), 2 
(feathers damaged, no skin area denuded), 3 (denuded area up to 3x3 cm) or 4 (denuded area 
greater than 3x3 cm) points for 6 individual parts of the body: breast, leg, vent, back, rump and 
wings. The second score was 1 (perfect), 2 (damaged) or 3 (feathers missing) for the tail. 
 
Table 2.4 Description of scoring method used to evaluate the feather condition by 
BILCIK and KEELING (1999): 
 
Score Body Flight feathers Skin injuries 
0 
1 
 
2 
 
3 
 
4 
 
5 
Intact feathers. 
Some feathers scruffy, up 
to 3 missing feathers. 
More damaged feathers, > 
3 feathers missing. 
Bald patch < 5 cm 
diameter or < 50 % of area. 
Bald patch > 5 cm 
diameter or > 50 % of area. 
Completely denuded area. 
Intact feathers. 
Few feather separated but none 
broken or missing. 
A lot of feathers separated and/or 
a few broken or missing. 
All feather separated, a lot of 
broken or missing feathers. 
Most of feathers missing or 
broken. 
Almost all feathers missing. 
No injuries or scratches. 
<5 pecks or scratches. 
 
5 or more pecks / scratches or 1 
wound <1 cm diameter. 
Wound >1 cm in diameter but <2 
cm. 
Wound >2 cm in diameter. 
 
- 
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3   MATERIAL AND METHODS 
 
3.1  Animals and general management: 
 
Two genotypes of laying hens white Lohmann Selected Leghorn (LSL) and brown 
Lohmann Tradition (LT) were reared together in a group of 900. They were grown from one-
day old as a single group on deep litter at a stocking density of 6 – 8 birds per m². 
Temperature in the pen was 34 – 35°C at the time of arrival of chicks then decreased 
gradually 2°C every week and was then fixed at 18 – 20°C. The birds had ad libitum access to 
a commercial starter and developer feed. The birds were exposed to 15 h light: 9 h dark at the 
first week. The light was decreased gradually until 8 h light: 16 h dark at 9 weeks of age. Care 
was taken that both strains arrived in the pens at the same time and that the duration of 
transport was the same for both.  
 
At 18 weeks of age, the hens were randomly assigned to groups of fifty hens in a free 
range house. All individuals were not beak-trimmed. The light regimen in the house was 14 h 
light: 10 h dark with a light intensity of 5 lux (as average) at the level of birds’ head. The light 
was switched on at 6.00 and off at 20.00. The incandescent filament bulbs were hanging in the 
middle of poultry house. Birds were exposed to natural daylight in the winter garden and 
grassland areas. The temperature in the house ranged between 11° and 28°C but in the 
outdoor areas it was natural day temperature.  
 
Food and water were provided ad libitum. The feed was in mash form and offered in 
two round feeders, which were hanging at the level of 20 cm above the floor. Feeding space 
was 5 cm / hen. Five nipple drinkers were used in each poultry house with one nipple for 10 
hens according to Council Directive (1999/74/EC).  
 
Perches were mounted at the level of 50 cm above slats and each bird had 15 cm space 
on the perch. There were four nests (60 cm length x 30 cm wide x 30 cm height). The nests 
were arranged in two rows (two nests in each) with a height of 1.0 and 0.5 m above the floor 
for the first and second tiers respectively. The nest’s entrance was 20 cm high and 26 cm wide 
at the top and 10 cm at the bottom.  
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The droppings were automatically removed weekly by moving a plastic sheet which 
was located under the slats. To avoid unnecessary pain all injuries caused by feather pecking 
were treated with a commercial anti-pecking spray (Aluminium-Spray, ATAROST, Rostock, 
Germany). Eggs were collected at 13:00 daily and then recorded for all groups. 
 
3.2  Housing condition: 
 
 The housing facility consisted of a poultry house (PH) and two outside areas with a 
winter garden (WG, bad weather run) and grassland (GL). Two thirds of the floor in the PH 
was littered with straw, the remaining part was equipped with slats and perches. The WG 
consisted of a roofed scratching room with shredded tree bark as a floor substrate. The GL 
was an open area covered with vegetation. The stocking density was 6 birds per m² in the PH. 
The density in the WG was about the same (8 m² area) while the stocking density in the GL 
differed among groups (Table 3.1).  
 
Figure 3.1 Poultry house from inside showing slats, perches and passage from PH to WG 
(arrow). 
 
The hens could pass freely from the PH to the outside areas via passages with the 
following dimensions 0.65 m long x 0.18 m wide x 0.24 m high. The height of the passage in 
the PH was at the level of the perches. But in the WG, the passage was 1.0 m above the 
Material & Methods 
___________________________________________________________________________ 24
ground with a ladder going down to the ground. These dimensions are not standard but they 
were designed to enable individual recording of hen movement between functional areas (as 
discussed below), Figures 3.1, 3.2 and 3.3. The passages were opened continuously (24 
hours). 
 
 
Figure 3.2 Passage between WG and GL from inside (a) and outside (b). 
 
 
Figure 3.3 Representative of layout of one house containing GL. 
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3.3  Experimental design: 
 
 The experiment started at 20 week of age for a period of six months from July to 
December. The experiments were replicated (2000 and 2001).  
 
3.3.1  Experiment 1: 
 
In this experiment, the effect of housing condition was studied. Therefore, the laying 
hens were assigned, according to presence or absence of GL and stocking density on GL, into 
three groups as shown in Table 3.1. 
 
Table 3.1 Classification of experimental groups according to housing condition: 
 
Groups  
Gr I Gr II Gr III 
Genotype LT LT LT 
Grassland Without GL With GL With GL 
Stocking density on GL -- 2.5 m² / bird 10 m² / bird 
Number of birds 50 50 50 
 
3.3.2  Experiment 2: 
 
 Experiment 2 was designed to test two genotypes (LT and LSL). The hens were 
housed with free access to the outdoor areas at a stocking density of 10m² per bird on GL. 
Number of hens was fifty in each group. 
 
3.4  Behavioural observation: 
 
3.4.1  Video recording and camera positions: 
 
 Behavioural observations were performed at the age of 23, 27, 31, 35, 39 and 47 
weeks. The behaviours were recorded via cameras (Panasonic with wide angle lenses WV-
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LA210C3E, LA408C3E and WV-LA908C3E) and time lapse recorders (AG-6730). Video 
cameras were attached to different parts of the housing where they covered approximately more 
than 90% in the PH (two cameras), 80% in the WG (one camera) and 70% in the GL (three 
cameras) from the total floor area in each part. Each camera was switched on for 15 min and 
then switched off to start the following camera. Video recording started from the PH and ended in 
GL for two 3h periods once in the morning (09:00-12:00) and once in the afternoon (13:00-
16:00).  
 
3.4.2  Feather pecking: 
 
A peck successively directed at the same receiver was recorded as one single interaction. 
For every peck: the kind of peck, the body regions that received the pecks and the location of the 
recipient birds was recorded. Every peck was counted, but pecks were recorded in groups, in the 
following called BOUTS, rather than in single pecks. A bout was defined as pecks in a continuous 
series directed to the same chicken and to the same body part. The inter-bout interval has to be at 
least 5 s if the bird pecked at the same bird and same body part again (KJAER 2000). The 
number of pecks per bout (the bout size) was classified into up to 3, 5, 7, 10 and more than 10 
pecks/bout. 
 
The type of peck was classified either as aggressive or non-aggressive. Aggressive pecks 
were always severe and fast, directed mainly at the head and given in a downward direction 
while the recipient bird usually ran away and vocalised. The non-aggressive pecks were either 
gentle or severe. Gentle pecking was defined as quiet acceptable pecks and without feather 
pulling or reaction from the recipient bird. Severe pecking means forceful refused pecks with or 
without feather pulling and sometimes accompanied with fast or slow escape of the recipient bird. 
 
The body parts to which pecks were directed (head, upper neck, under neck, back, rump, 
tail, wing, belly, breast and leg, Figure 3.5) and the location of the receiver (on perch and on 
floor) were observed. 
 
 
3.4.3  Other behaviour activities: 
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Every 5 minutes starting from the period of recording, the tape was stopped by using 
the pause button, and the behaviours of all birds in the frame were noted (MARTRENCHAR 
et al. 1999). Behaviour was classified into seven mutually exclusive activities that were 
defined as follows. Standing: the bird is standing or walking and does not perform any other 
elements. Resting: sitting, or standing in a resting position with head tucked under wing and 
including sleeping, on the litter or perches. Feeding: pecking at or eating food, or feeder 
directed. Drinking: drinking or drinker directed. Foraging: the hen is pecking on the floor or at 
other parts of the pen (but not at the food) or is standing / moving with its head in a lower 
position than the rump. Preening: the hen is nibbling, stroking or combing the plumage with 
the beak (KRUIJT, 1964). Dustbathing: the hen was in the dustbathing site.  
 
3.5  Movement of hens between inside and outside areas: 
 
 The movement of hens between inside (PH) and outside (winter garden and grassland) 
areas and the time spend in each area through 24 hours were recorded by Diehl’s Animal 
Identity System (Daisy). This system consisted of a disk-shaped wing transponder 
(approximately 10 g and a diameter of 3 cm that emitted a unique identification number) 
equipped for each hen, readers (type DSE 500) and antennas. The black transponder was fixed 
in a wing web as a plastic disc. It did not attract the birds to peck because it may be covered 
completely or partially with coverts, see Figure 3.4. 
 
The recording system started daily at 00:00 and ended at 24:00 automatically. When a 
hen went out to the WG, a specific PC program (Daisy program) started recording. The 
frequencies of movement for each hen per day and the duration of time hens spent in inside 
and outside areas every second through the day were recorded as shown in Table 3.2. 
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Figure 3.4 LSL laying hens in the outdoor run showing transponders fixed in the left 
wing. 
 
Table 3.2 Example of a recording schedule for the frequency of movement and time 
spent in each area: 
 
Movement between areas Duration of time spent (s)Transponder Time 
PH WG GL PH WG GL 
9800000107573 
9800000107573 
9800000107573 
9800000107573 
9800000107573 
9800000107573 
9800000107573 
. 
. 
9800000107573 
04:57:46 
06:34:49 
06:37:34 
06:45:59 
07:24:58 
10:30:38 
11:01:44 
. 
. 
17:21:24 
1 
 
 
 
1 
 
 
. 
. 
 
 
1 
 
1 
 
1 
 
. 
. 
1 
 
 
1 
 
 
 
1 
. 
. 
 
5823 
0 
0 
0 
11140 
0 
0 
. 
. 
0 
0 
165 
0 
2339 
0 
1866 
0 
. 
. 
15529 
0 
0 
505 
0 
0 
0 
214 
. 
. 
0 
Transponder 
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Transponder data were collected daily between the age of 30 and 55 weeks. The days 
in which the recording system failed or feather scoring was performed, were omitted at the 
end of the experiment. 
 
3.6  Feather scoring: 
 
All birds were marked with metal leg rings and individually scored for feather damage 
at 6 different ages: 20, 25, 30, 35, 40 and 48 weeks. For inspection of feather condition, all 
hens were collected in the house between 07:00 and 12:00. From each hen all parts (see 
Figure 3.5) were examined for damaged, broken and missing feathers and bald areas. 
 
3.6.1  Target body areas: 
 
The body was divided, according to GUNNARSSON et al. (1995), into 11 regions: 
head, upper neck (back side of the neck), back (part between wings), rump, tail, belly 
(abdomen), breast under neck (front side of the neck), wing-primary feathers, wings-coverts 
 
Figure 3.5 The body areas used for feather scoring and feather pecking activities. 
Head
Neck
Back
Rump
Tail
Belly
Wing-primary feathersLeg
Breast
Coverts
Underneck
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and legs, see Figure 3.5. All these parts were examined for feather damage and also for skin 
injuries. The non-feathered areas (comb and feet) were examined for injuries while the beak 
was examined for length and deformity. 
 
3.6.2  Scoring method: 
 
The plumage was scored by the method described in Table 3.3. In this method, the 
feather scoring depended on the type and number of feathers. Flight feathers (primaries and 
tail) were differentiated in number, strength, and fixation and also in damaged compared to 
feathers from the rest of the body. Beside that it is not appropriate to give the same score for 
two areas that differed in the number of damaged, broken or missed feathers. For example, if 
the back region has only one or two missing feathers while the rump has ten missing feathers, 
it would not be appropriate to give the same score for the rump as give to the back. 
 
Table 3.3 Description of scoring method used to evaluate the feather condition: 
 
Scores Body feather Flight feather Skin injuries 
0 Intact feathers. Intact feathers. No injuries or scratches. 
1 Some feathers scruffy 
and/or up to 5 damaged 
feathers. 
Few separated feathers up to 
5, but none damaged, 
broken or missing. 
< 5 pecks or scratches 
2 > 5 damaged feathers 
and/or up to 5 broken 
feathers. 
> 5 feathers separated 
and/or up to 5 damaged 
feathers. 
5 or more pecks or 
scratches or 1 wound < 1 
cm diameter. 
3 > 5 broken feathers and/or 
up to 5 missing feathers. 
All feathers separated, or > 
5 feathers damaged or up to 
3 broken. 
Wound > 1 cm diameter 
but < 2 cm. 
4 Bald patch < 5 cm or < 50 
% of area.  
All feathers damaged and/or 
> 3 feathers broken or up to 
3 feathers missing.  
Wound > 2 cm in 
diameter. 
5 Bald patch > 5 cm or > 50 
% of area. 
All feathers broken or > 3 
feathers missing. 
--- 
6 Completely denuded area. Almost all feathers missing. --- 
 
Each body part was given a score from 0 (no damage) to 6 (worst). The sum of all 
given values was taken as a total body score. In addition to plumage condition, skin injuries 
(wounds, scratches) were also scored from 0 (no injuries) to 4 (large wound) (BILCIK and 
KEELING 1999) including comb and feet.  
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The beak length was measured (in mm) from the base to the tip of the upper mandible. 
A score (0 to 2) was given to the length deformity. Zero point was given to the normal length, 
1 point to long (2mm more) and curved beak and 2 point to broken beak. 
 
3.7  Measurement of egg production and body weight: 
 
Egg were collected daily and recorded for all groups. Eggs per hen and day were 
calculated. To study the body weight of laying hens under different housing conditions, all 
birds were weighed at 25, 35, 45 weeks of age. 
 
3.8  Statistical analyses: 
 
The number of feather pecking in different areas, feather scores at different parts of the body, 
frequency of movement of hens between inside and outside areas, proportion of time spent in 
different areas, body weight and egg production were analysed with ANOVA using a 
generalized linear model (GLM-procedure, SAS Institute, 2001) to measure the effects of 
housing condition and genotype. Duncan’s multiple range test was used to determine 
significant differences between means.  
 
Relationships between body weight, feather scores, frequency of movement of hens, and 
duration in the winter garden and on the grassland were tested by Pearson correlation test. 
The following model was used: 
Y=B0 + B1 *FM + B2*DPH + B3*DWG + B4*DGL + B5 
                           where 
Y = body weight, feather score or skin injuries 
FM = frequency of movement between inside and outside areas 
DPH = proportion of time spent in inside area (PH) 
DWG = proportion of time spent in outside roofed area (WG) 
DGL = proportion of time spent in outside open area (GL) 
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4   RESULTS 
 
4.1  Housing condition (Experiment 1): 
 
4.1.1  Effect of housing condition on the rate of feather pecking: 
 
 High rates of feather pecking were observed in group I compared to groups II or III GL (P 
= 0.04, Table 4.1). In the winter garden, feather-pecking activity was significantly increased (P < 
0.001) in group I compared to the other groups. The daytime had no effect on feather pecking 
between and within the groups (Table 4.1). 
 
Table 4.1 Means (±SE) and P-value of total feather pecking in inside and outside areas 
and during daytime in relation to housing condition: 
Housing condition Areas 
Group I Group II Group III 
P – value 
Total 6.97a (±1.71) 4.09b (±1.03) 3.22b (±0.74) 0.04 
Inside 
PH 
Outside 
WG 
GL 
 
7.80 (±2.11) 
 
13.10a (±4.42) 
- 
 
10.83 (±2.67) 
 
0.97b (0.45) 
0.47 (±0.26) 
 
6.87 (±1.04) 
 
2.27b (±1.80) 
0.53 (±0.23) 
 
ns 
 
<0.001 
ns 
Daytime 
am 
pm 
 
5.31 (±2.16) 
8.62 (±2.66) 
 
3.07 (±0.83) 
5.11 (±1.89) 
 
2.11 (±0.54) 
4.33 (±1.38) 
 
ns 
ns 
Means with the same letters are not significantly different, ns: non-significant. 
 
 Figure 4.1 shows that group I exhibited a more severe form of pecking behaviour 14.87 
± 4.31(mean ± SE) compared to gentle 4.17 ± 2.21 and aggressive 1.87 ± 0.53 forms within 
the group (P = 0.001) or when compared with severe pecking in groups II and III (6.53 ± 1.74, 
4.10 ± 1.12, mean ± SE, respectively, P = 0.001). On the other hand, there were no significant 
differences among feather pecking forms in the groups II and III. 
 
 The number of bouts per bird was higher (P = 0.02) in the group I compared to the 
other groups, with the group II being intermediary between the group I and III, but it was not 
different from the others (I and III) (Table 4.2). Group I showed a higher number of bouts 
compared to groups II and III when the bout size was up to 5, 7 or more than 10 pecks. While 
peck numbers of up to 3 or 10 per bout were not significantly different among groups. 
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Figure 4.1 Feather pecking forms for laying hens kept under different housing conditions (*** 
P = 0.001, ns = non significant). 
 
Table 4.2 Effect of housing condition on the bouts of feather pecking and number of pecks per 
bout (man ± SE, P – value): 
 
Housing condition Feather 
pecking Group I Group II Group III 
P – 
value 
Bouts 1.03a (±0.32) 0.69ab(±0.22) 0.40b (±0.14) 0.02 
Pecks / bout 
up to 3 
up to 5 
up to 7 
up to 10 
        > 10 
 
0.62 (±0.18) 
0.26a (±0.10) 
0.10a (±0.04) 
0.02 (±0.02) 
0.03a (±0.02) 
 
0.61 (±0.18) 
0.04b (±0.03) 
0.01b (±0.01) 
0.02 (±0.02) 
0.00b (±0.00) 
 
0.32 (±0.10) 
0.04b (±0.03) 
0.01b (±0.01) 
0.02 (±0.02) 
0.00b (±0.00) 
 
ns 
0.001 
0.02 
ns 
0.05 
Means with the same letters are not significantly different, ns: non-significant. 
 
4.1.2  Feather pecking to body parts: 
 
 The distributions of feather pecking to the various body regions are shown in Figures 4.2 
and 4.3. Generally, in the inside area, significantly more feather pecking was directed only to the 
rump in the group II compared to the group I (2.03 ± 0.93, 0.37 ± 0.13, mean ± SE, respectively 
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P = 0.04) as the group III (1.03 ± 0.50) was in between and not significantly different from any 
other group. In contrast, group I showed a higher frequency of feather pecking to most body 
parts compared to other groups (except for rump, breast and leg areas, where no significant 
differences were found between groups). 
 
 
Figure 4.2 Distribution of feather pecking on various body parts in the PH (Means and 
SE of means). 
 
 As observed on GL, the distribution of feather pecking to the various body regions 
was similar between groups II and III. 
 
 
0
0.5
1
1.5
2
2.5
3
3.5
4
4.5
He
ad
Ne
ck
Un
de
rn
ec
k
Ba
ck
Ru
mp Ta
il
Wi
ng
Br
ea
st
Be
lly Le
g
Body region
Fe
at
he
r 
pe
ck
in
g 
Group I Group II Group III
P= 0.04
Results 
___________________________________________________________________________ 35
 
Figure 4.3 Distribution of feather pecking on various body parts in the WG (Means and 
SE of means, * P < 0.05, ** P = 0.01, *** P = 0.001). 
 
4.1.3  Location of feather pecking activity: 
 
A comparison of the proportion of feather pecking at different locations performed is 
shown in Table 4.3. The rate of feather pecking was similar between groups, except for a 
significant increase in the number of feather pecks on the floor in the group I compared to other 
groups.  
 
4.1.4  Effects of housing condition on the behaviour patterns: 
 
 Housing conditions affected behavioural activities concerning resting and feeding 
(Table 4.4). Resting behaviour was significantly (P = 0.05) higher in the group I compared to 
other groups. The percent of hens performed feeding activity was significantly lower in the 
group III compared to other groups. Other behaviour patterns were similar between groups. 
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Table 4.3 Effects of housing condition on the mean (± SE) number of feather pecks at 4 
locations: 
 
Housing condition Location 
Group I Group II Group III 
P – 
value 
Feeding area 
Floor 
Perch 
Slats 
0.94(±0.30) 
5.68a(±1.67) 
0.16(±0.07) 
0.17(±0.08) 
1.61(±0.48) 
2.32b(±0.82) 
0.06(±0.05) 
0.02(±0.02) 
1.19(±0.27) 
1.86b(±0.74) 
0.04(±0.04) 
0.12(±0.07) 
ns 
0.01 
ns 
ns 
Means with the same letters are not significantly different, ns: non-significant. 
 
Table 4.4 Effect of housing condition on the total number of hens observed performing 
various behaviours (%mean, ±SE, P - value at 0.05): 
 
Housing condition Behaviour 
Group I Group II Group III 
P – value  
Standing 
Resting 
Feeding 
Drinking 
Foraging 
Preening 
Dustbathing 
9.33 (±1.18) 
26.31a (±2.15) 
15.72a (±2.31) 
3.05 (±0.68) 
25.19 (±2.67) 
11.09 (±1.55) 
1.73 (±0.55) 
6.71 (±1.35) 
19.38b (±2.02) 
14.02a (±1.88) 
3.00 (±0.63) 
29.01 (±2.81) 
8.42 (±1.30) 
3.78 (±0-96) 
5.60 (±1.04) 
18.74b (±1.71) 
10.63b (±1.38) 
2.80 (±0.56) 
27.21 (±2.69) 
7.02 (±1.17) 
3.81 (±1.05) 
ns 
0.05 
0.01 
ns 
ns 
ns 
ns 
Means with the same letters are not significantly different, ns: non-significant. 
 
4.1.5  Effect of housing condition on the feather condition: 
 
 Results from feather scoring at different parts of the body at different ages are shown 
in Tables 4.5a and 4.5b. At the age of 20 weeks, when the first feather scoring was carried 
out, most of the birds had no or little wear of feathers on any body regions and were similar in 
all groups. However, from this age onwards, rapid changes in feather condition were 
observed. The feathers on the back, rump and tail, at the age of 25 weeks, were significantly 
worse in the group I than in any other group. Poorer plumage conditions were found at all 
later recordings (30, 35, 40 and 48 weeks) in the group I compared to other groups. The first 
missing of the feathers was recorded in the rump area of the group I at the age of 25 week. 
Denuded areas on the rump, breast and belly were first observed at 35 week of age among 
hens in the group I as other groups were only affected in the breast region. 
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Table 4.5a Plumage condition at 20 to 30 week of age (LS-means, ± SE and P-value) 
under different housing conditions: 
 
Housing condition  
Group I Group II Group III 
P - value 
Age 20 weeks 
Head 
Neck 
Under neck 
Back 
Rump 
Tail 
Wing-coverts 
Wing primaries 
Breast 
Belly 
Leg 
 
0.07 (± 0.07) 
1.04 (± 0.14) 
0.00 (± 0.00) 
1.57 (± 0.14) 
2.18 (± 0.09) 
2.71 (± 0.09) 
1.43 (± 0.11) 
2.04 (± 0.13) 
0.61 (± 0.09) 
0.07 (± 0.07) 
0.36 (± 0.09) 
 
0.00 (± 0.00) 
0.70 (± 0.13) 
0.09 (± 0.09) 
1.52 (± 0.12) 
2.15 (± 0.06) 
2.76 (± 0.09) 
1.55 (± 0.09) 
2.24 (± 0.10) 
0.39 (± 0.09) 
0.06 (± 0.04) 
0.36 (± 0.09) 
 
0.00 (± 0.00) 
0.87 (± 0.16) 
0.00 (± 0.00) 
1.70 (± 0.10) 
1.90 (± 0.07) 
2.57 (± 0.15) 
1.63 (± 0.09) 
2.00 (± 0.07) 
0.30 (± 0.10) 
0.03 (± 0.03) 
0.50 (± 0.09) 
 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
Age 25 weeks 
Head 
Neck 
Under neck 
Back 
Rump 
Tail 
Wing-coverts 
Wing primaries 
Breast 
Belly 
Leg 
 
0.50 (± 0.15) 
1.64 (± 0.13) 
0.14 (± 0.12) 
2.11a (± 0.15) 
3.39a (± 0.12) 
3.00a (± 0.10) 
1.89 (± 0.10) 
2.57 (± 0.10) 
1.25 (± 0.14) 
0.39 (± 0.19) 
0.93 (± 0.13) 
 
0.45 (± 0.14) 
1.33 (± 0.12) 
0.06 (± 0.11) 
1.73b (± 0.13) 
2.36b (± 0.11) 
2.67b (± 0.09) 
1.70 (± 0.09) 
2.64 (± 0.09) 
1.30 (± 0.13) 
0.00 (± 0.17) 
0.82 (± 0.12) 
 
0.20 (± 0.14) 
1.47 (± 0.13) 
0.13 (± 0.12) 
1.60b (± 0.14) 
2.07b (± 0.12) 
2.50b (± 0.09) 
1.90 (± 0.10) 
2.50 (± 0.09) 
1.03 (± 0.13) 
0.28 (± 0.18) 
0.59 (± 0.13) 
 
ns 
ns 
ns 
0.05 
< 0.00 
0.01 
ns 
ns 
ns 
ns 
ns 
Age 30 weeks 
Head 
Neck 
Under neck 
Back 
Rump 
Tail 
Wing-coverts 
Wing primaries 
Breast 
Belly 
Leg 
 
1.11b (± 0.15) 
2.18a (± 0.13) 
0.54b (± 0.12) 
2.61 (± 0.15) 
3.82a (± 0.12) 
3.21a (± 0.10) 
1.89 (± 0.10) 
2.79 (± 0.10) 
1.82c (± 0.14) 
2.61a (± 0.19) 
1.46a (± 0.13) 
 
1.94a (± 0.14) 
1.79b (± 0.12) 
0.91a (± 0.11) 
2.82 (± 0.13) 
3.42b (± 0.11) 
3.24a (± 0.09) 
1.88 (± 0.09) 
2.88 (± 0.09) 
3.88a (± 0.13) 
2.12b (± 0.17) 
1.06b (± 0.12) 
 
1.63a (± 0.14) 
2.00a (± 0.13) 
0.50b (± 0.12) 
2.73 (± 0.14) 
3.23b (± 0.12) 
2.80b (± 0.09) 
2.03 (± 0.10) 
2.83 (± 0.09) 
3.10b (± 0.13) 
2.90a (± 0.18) 
1.27ab (± 0.13) 
 
0.00 
0.03 
0.01 
ns 
< 0.01 
0.00 
ns 
ns 
< 0.00 
< 0.05 
0.03 
LS-Means with the same letters are not significantly different, ns: non-significant. 
 
Plumage conditions were different among groups for all body parts (except for breast and 
leg) at the age of 35 weeks. At this age, group I had a significantly more damaged plumage than 
all other groups, as group III had a significantly better feather condition on head, neck, back, tail 
and wing primaries compared to group II (except for the belly area, where the groups I and III 
were similar and differed significantly, P < 0.001, from the group II). 
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Table 4.5b Plumage condition at 35 to 48 week of age (LS-means, ± SE and P-value) 
under different housing conditions: 
 
Housing condition  
Group I Group II Group III 
P  - value 
Age 35 weeks 
Head 
Neck 
Under neck 
Back 
Rump 
Tail 
Wing-coverts 
Wing primaries 
Breast 
Belly 
Leg 
 
3.04a (± 0.15) 
3.36a (± 0.13) 
1.50a (± 0.12) 
3.50a (± 0.15) 
4.25a (± 0.12) 
3.89a (± 0.10) 
2.25a (± 0.10) 
3.50a (± 0.10) 
4.46 (± 0.14) 
4.11a (± 0.19) 
3.75 (± 0.13) 
 
3.36a (± 0.14) 
2.82b (± 0.12) 
1.24ab (± 0.11) 
3.52a (± 0.13) 
3.88b (± 0.11) 
3.94a (± 0.09) 
1.82b (± 0.09) 
3.48a (± 0.09) 
4.48 (± 0.13) 
2.67b (± 0.17) 
3.42 (± 0.12) 
 
1.80b (± 0.14) 
2.87b (± 0.13) 
1.10b (± 0.12) 
3.00b (± 0.14) 
3.80b (± 0.12) 
3.57b (± 0.09) 
2.03ab (± 0.10) 
3.13b (± 0.09) 
4.63 (± 0.13) 
3.67a (± 0.18) 
3.30 (± 0.13) 
 
0.00 
< 0.01 
0.02 
0.01 
0.01 
0.01 
0.01 
0.01 
ns 
< 0.00 
ns 
Age 40 weeks 
Head 
Neck 
Under neck 
Back 
Rump 
Tail 
Wing-coverts 
Wing primaries 
Breast 
Belly 
Leg 
 
3.57a (± 0.15) 
3.64a (± 0.13) 
2.86a (± 0.12) 
3.57ab (± 0.15) 
4.29a (± 0.12) 
3.96 (± 0.10) 
2.32a (± 0.10) 
3.57 (± 0.10) 
4.86 (± 0.14) 
4.79a (± 0.19) 
4.07a (± 0.13) 
 
3.00b (± 0.14) 
2.97b (± 0.12) 
1.67c (± 0.11) 
3.61a (± 0.13) 
4.09a (± 0.11) 
4.00 (± 0.09) 
1.73b (± 0.09) 
3.52 (± 0.09) 
4.58 (± 0.13) 
2.64c (± 0.17) 
3.55b (± 0.12) 
 
2.60c (± 0.14) 
3.00b (± 0.13) 
2.07b (± 0.12) 
3.20b (± 0.14) 
3.97b (± 0.12) 
3.97 (± 0.09) 
1.87b (± 0.10) 
3.40 (± 0.09) 
4.77 (± 0.13) 
3.73b (± 0.18) 
3.67b (± 0.13) 
 
0.05 
< 0.001 
< 0.01 
0.04 
0.05 
ns 
0.00 
ns 
ns 
< 0.00 
0.03 
Age 48 weeks 
Head 
Neck 
Under neck 
Back 
Rump 
Tail 
Wing-coverts 
Wing primaries 
Breast 
Belly 
Leg 
 
3.89a (± 0.15) 
3.57 (± 0.13) 
3.50a (± 0.12) 
3.75a (± 0.15) 
4.43a (± 0.12) 
4.18 (± 0.10) 
2.36a (± 0.10) 
3.64 (± 0.10) 
4.86 (± 0.14) 
4.82a (± 0.19) 
4.21a (± 0.13) 
 
3.55a (± 0.14) 
3.45 (± 0.12) 
2.12b (± 0.11) 
3.64ab (± 0.13) 
3.97b (± 0.11) 
4.00 (± 0.09) 
1.94b (± 0.09) 
3.58 (± 0.09) 
4.52 (± 0.13) 
2.70c (± 0.17) 
3.36b (± 0.12) 
 
3.07b (± 0.14) 
3.50 (± 0.13) 
2.17b (± 0.12) 
3.30b (± 0.14) 
4.03a (± 0.12) 
4.03 (± 0.09) 
2.00b (± 0.10) 
3.40 (± 0.09) 
4.70 (± 0.13) 
4.17b (± 0.18) 
3.97a (± 0.13) 
 
0.01 
ns 
ns 
0.03 
0.01 
ns 
0.01 
ns 
ns 
0.01 
0.00 
LS-Means with the same letters are not significantly different, ns: non-significant. 
 
 Group I had a significantly poorer feather condition on the rump and belly than all other 
groups on all subsequent scorings. In contrast, group II had a significantly better feather condition 
on the belly compared to group III. 
 
Results 
___________________________________________________________________________ 39
LS-Means with the same letters are not significantly different, ns: non-significant. P-value ≤ 0.05. 
 
Figure 4.4 Effect of housing condition on the whole body feather score at different ages. 
 
 Total feather score was defined as the sum of the scores for all body parts (Figure 4.4). In 
general, the group I had a significantly higher total feather score compared to groups II and III 
(29.38 ± 0.27 vs. 26.60 ± 0.25 and 26.37 ± 0.26, LS-Mean ± SE, respectively, P < 0.001). As 
the whole body feather score was similar in both groups II and III.  
 
Group I had a significantly poorer feather condition than other groups (P = 0.05), at the 
age of 25, 35, 40 and 48 weeks. At 30 weeks of age, feather condition was significantly worse 
in the group II compared to the group I (25.94 ± 0.62 vs. 24.04 ± 0.67, LS-Mean ± SE, 
respectively, P = 0.04), as the group III (25.03 ± 0.65) was in between and not significantly 
different from any other groups. Plumage condition was similar between groups II and III at the 
age of 20, 25, 40 and 48 weeks. At the same time, the group III had a significantly better feather 
condition than the group II at the age of 35 weeks (32.90 ± 0.65 vs. 34.64 ± 0.62, LS-Mean ± 
SE, respectively, P = 0.05). 
 
4.1.6  Effect of housing condition on skin injuries: 
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 Skin injuries were significantly more frequently seen and more severe on the tail and belly 
areas for the group I compared to the other groups. Group II had lower skin injuries at the belly 
region compared to the group III (Table 4.6). 
 
Table 4.6 Effect of housing conditions on skin injuries of feathered and non-feathered 
body areas (LS-Means, maximum (n)): 
 
Housing Condition Body areas 
Group I Group II Group III 
P - value 
Feathered 
Head 
Neck 
Underneck 
Back 
Rump 
Tail 
Wing 
Breast 
Belly 
Leg 
 
0.00 (0) 
0.01 (1) 
0.00 (0) 
0.00 (0) 
0.03 (2) 
0.32a (4) 
0.01 (1) 
0.05 (3) 
1.11a (4) 
0.02 (3) 
 
0.00 (0) 
0.00 (0) 
0.00 (0) 
0.00 (1) 
0.01 (0) 
0.00b (0) 
0.00 (0) 
0.00 (0) 
0.00c (1) 
0.00 (0) 
 
0.02 (3) 
0.01 (2) 
0.01 (2) 
0.01 (2) 
0.04 (3) 
0.02b (1) 
0.00 (0) 
0.01 (1) 
0.16b (3) 
0.03 (2) 
 
ns 
ns 
ns 
ns 
ns 
0.00 
ns 
ns 
< 0.01 
ns 
Non-feathered 
Comb 
Foot 
Beak 
 
1.09 (2) 
0.31 (2) 
1.42a (2) 
 
1.19 (2) 
0.34 (3) 
1.26b (2) 
 
1.12 (3) 
0.31 (2) 
1.18b (2) 
 
ns 
ns 
0.00 
Total skin 
injuries * 
 
2.93a (9) 
 
1.55b (5) 
 
1.74b (13) 
 
< 0.00 
* The whole body parts except for the beak. LSMeans with the same letters are not significantly different. 
 
 Housing condition had no significant effect on the skin injuries in the comb and feet areas 
among groups (Table 4.6). However, group I had significantly longer beaks than other groups (P 
= 0.001).  
 
The sum of the injuries for the whole body is shown in Table 4.6 and Figure 4.5. In 
general, a significantly higher incidence of skin injuries was recorded in the group I compared to 
the other groups. At the age of 20, 25 and 30 weeks, when no denuded areas were found, only 
small (< 1cm in diameter) or few wounds were found. Starting at the age of 35 weeks, group I 
had significantly more skin injuries than other groups, Figure 4.5. 
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Figure 4.5 Effect of housing condition on the total skin injuries at different ages. 
 
4.1.7  Effect of housing condition on the frequency of movement and duration of time 
hens spent in inside and outside areas: 
 
 The results on the frequency of movement and utilisation of outside areas are summarised 
in Table 4.7 and Figures 4.6a,b. Group III moved significantly more frequently between inside 
(PH) and outside (WG, GL) areas at all ages compared to other groups (except for the period at 
48 weeks of age in November, where frequency of movement was similar in the groups II and 
III), Table 4.7. 
 
 The frequency of movement between inside and outside roofed areas (WG) was 
significantly higher in the group I compared to groups II and III (24.46 ± 1.14 vs. 14.78 ± 0.44, 
16.02 ± 0.66, LS-Mean ± SE, respectively, P < 0.001). 
 
 Figure 4.6a shows least squares means of the time hens spent in the PH and WG. The 
proportion of time spent in the PH and WG was significantly higher in the group I than in other 
groups (P < 0.001). Hens of group II spent less time in the PH and WG (74.17 ± 0.35, 9.74 ± 
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0.22) when compared either with the group I (84.38 ± 0.38, 18.19 ± 0.24) or the group II 
(77.09 ± 0.36, 10.72 ± 0.25, LS-Mean ± SE, respectively, P < 0.001). 
 
Table 4.7 Effect of housing condition on the frequency of movement of birds between 
(PH, WG and GL) areas at different months and related ages (LS-Means, SE, P-value): 
 
Housing condition Month 
(Week of age) Group I Group II Group III 
P – value 
July (30,33) 
August (36) 
September (39,42) 
October (45) 
November (48) 
December (51, 54) 
28.27c (±1.35) 
26.68c (±1.15) 
33.23c (±1.05) 
32.47b (±1.33) 
24.03b (±1.07) 
13.49c (±1.21) 
33.04b (±1.28) 
32.03b (±1.11) 
38.56b (±1.00) 
33.04b (±1.25) 
39.15a (±1.00) 
24.50b (±1.09) 
39.69a (±1.49) 
42.34a (±1.27) 
45.58a (±1.11) 
41.04a (±1.37) 
41.82a (±1.12) 
31.65a (±1.17) 
≤ 0.01 
< 0.001 
≤ 0.001 
< 0.001 
< 0.001 
< 0.001 
LS-Means with the same letters are not significantly different, ns: non-significant. 
 
Group II spent significantly more time on outside grass area compared to group III 
(25.87 ±0.28 vs. 23.69 ± 0.30, LS-Mean ± SE, respectively, Figure 4.6b). 
 
The proportion of time hens spent in the WG was significantly (P < 0.01) higher in the 
group I from 33 to 48 weeks of age (July – November) compared to other groups (Figure 4.7a). 
In contrast, at the winter months (December), hens of group I spent less time in the WG than 
groups II and III (6.90 ± 0.62 vs. 9.06 ± 0.53, 15.87 ± 0.57, LS-Mean ± SE, respectively, P < 
0.01). 
 
At the age of 51 and 54 weeks (December), group III spent significantly (P < 0.01) more 
time in the WG compared to group II. At July, September and November, hens of group II spent 
significantly more time on GL compared to the group III (Figure 4.7b). 
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In general, movement frequency and the time spent on the GL were significantly (P < 
0.001) decreased when the birds were subjected to extreme cold weather (December) at 51 
and 54 weeks of age (see Table 4.7 and Figure 4.7b). 
 
 
Figure 4.6 Effect of housing condition on the duration of time hens spent in the PH, WG 
(a) and GL (b) (significant different at P = 0.05). 
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                        LS-Means with the same letters are not significantly different. P < 0.01. 
 
Figure 4.7 The proportion of time hens spent per day in the WG and GL at different 
months. 
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4.1.8  Relationships between body weight, feather score, skin injuries, frequency of 
movement and proportion of time spent outside: 
 
Correlations at 0.40 and more were considered significant at a probability < 0.05 
(Tables 4.8, 4.9). Significant positive correlations existed between the feather scores and skin 
injuries in the groups II and III (r=0.41, P<0.001) (Table 4.8). Feather scores were negatively 
correlated with the frequency of movement to outside areas for groups II and III (r= –0.44, 
P<0.001). Skin injuries were negatively correlated with the time spent in the PH (r= –0.43, 
P<0.001) and positively related to the time spent in the WG (r= 0.47, P=0.0003) and the GL 
(r= 0.38, P=0.01). 
 
Table 4.8 Pearson correlation coefficients between body weight, feather score, skin 
injuries, movement frequency and time spent in the PH, WG and GL per day (%) for 
the group I: 
 
 Feather 
score 
Skin injuries Movement 
frequency  
Time spent in 
PH /day (%) 
Time spent in 
WG /day (%) 
Time spent in 
GL /day (%) 
Body weight – 0.06 0.15 0.17 0.10 – 0.10 -- 
Feather score  0.34 – 0.12 0.22 – 0.22 -- 
Skin injuries   0.17 – 0.10 0.10 -- 
 
Table 4.9 Pearson correlation coefficients between body weight, feather score, skin 
injuries, movement frequency and time spent in PH, WG and GL per day (%) for the 
groups II and III: 
 
 Feather 
score 
Skin 
injuries 
Movement 
frequency 
Time spent in 
PH /day (%) 
Time spent in 
WG /day (%) 
Time spent in 
GL /day (%) 
Body weight  0.14 0.15 – 0.06 0.02 – 0.05 – 0.004 
Feather score  0.41* – 0.44* 0.17 – 0.16 – 0.16 
Skin injuries   – 0.03 – 0.43* 0.47* 0.38* 
* Statistically significant at P < 0.05 
 
4.1.9  Effect of housing condition on body weight: 
 
There were no significant differences in the body weight among groups at the age of 25 
weeks (Table 4.10). Group III had significantly decreased body weights at 35 and 45 weeks 
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when compared with the other groups (except for the age of 45 weeks, where the group I was in 
between and did not differ from any other group). At 35 weeks of age, the group I and II were 
not significantly different in body weight from each other. As expected, the body weight 
significantly (P < 0.001) increased with age. 
 
Table 4.10 Effect of housing condition on the body weight (g) (means, ± SE, P –value): 
 
Housing condition Week  
of age Group I Group II Group III 
P – 
value 
25 
35 
45 
1829.44 (± 35.39) 
1910.13a (± 34.57) 
2025.13ab (± 40.59)
1727.52 (± 27.09) 
1938.84a (± 31.37) 
2109.83a (± 31.20) 
1785.57 (± 33.00) 
1813.01b (± 38.74) 
1970.03b (± 39.46) 
ns 
0.04 
0.002 
                Means with the same letters are not significantly (ns) different. 
 
4.1.10  Effect of housing condition on egg production: 
 
Hens of group I produced 0.83 ±0.04 (mean ±SE) eggs per hen and day. That number 
was not significantly different from group (II 0.82 ±0.03, mean ±SE) or group III (0.77 ±0.02, 
mean ±SE) eggs per hen and day. 
 
4.2  Genotype (Experiment 2): 
 
4.2.1  Effect of genotype on the rate of feather pecking: 
 
 Results from feather pecking activity, bouts of feather pecking as well as pecks per 
bout are shown in Tables 4.11 and 4.12. The genotype had no significant effect on feather 
pecking activity in inside and outside areas and during daytime. In WG, there was a tendency 
to more pecks in LSL hens compared to LT (P = 0.06), as the number of bouts and the pecks 
per bout were similar between LT and LSL. 
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Table 4.11 Means (± SE) and P-value (at 0.05) of total feather pecking in inside and 
outside areas and during daytime in relation to genotype: 
 
Genotype Areas 
LT LSL 
P – value 
Total 3.22 (±0.74) 3.37 (±0.73) ns 
Inside 
PH 
Outside 
WG 
GL 
 
6.87 (±1.04) 
 
2.27 (±1.80) 
0.53 (±0.23) 
 
4.23 (±0.97) 
 
5.60 (±1.83) 
0.27 (±0.15) 
 
ns 
 
0.06 
ns 
Daytime 
am 
pm 
 
2.11 (±0.54) 
4.33 (±1.38) 
 
3.16 (±1.06) 
3.58 (±1.01) 
 
ns 
ns 
           ns: non-significant. 
 
Table 4.12 Effect of genotype on the bouts of feather pecking and number of pecks per 
bout (mans, ± SE, P – value): 
 
Genotype Feather 
pecking LT LSL 
P – 
value 
Bouts 0.40 (±0.14) 0.57 (±0.14) ns 
Pecks / bout 
up to 3 
up to 5 
up to 7 
up to 10 
        > 10 
 
0.32 (±0.10) 
0.04 (±0.03) 
0.01 (±0.01) 
0.02 (±0.02) 
0.00 (±0.00) 
 
0.44 (±0.12) 
0.02 (±0.02) 
0.04 (±0.03) 
0.03 (±0.02) 
0.02 (±0.02) 
 
ns 
ns 
ns 
ns 
ns 
                              ns: non significant. 
 
 A high rate of severe pecking was observed in LSL compared to gentle and aggressive 
pecking (6.73 ± 1.90 vs. 2.10 ± 0.72, 1.27 ± 0.36, mean ± SE, respectively P < 0.01), but the 
differences between pecking forms in LT were not significant, as can be seen in Figure 4.8. 
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Figure 4.8 Forms of feather pecking in LT and LSL laying hens (Means and SE, ns = 
non significant). 
 
LT hens tend to be more aggressive compared to LSL, but there were no significant 
difference in the rate of aggressive pecking between both strains (3.00 ± 0.77 vs. 1.27 ± 0.36, 
mean ± SE, respectively, P= 0.47) 
 
4.2.2  Feather pecking to body parts: 
 
The number of feather pecking directed to head and neck observed in the PH was 
significantly greater in LT hens compared to LSL (2.63 ± 0.64 vs. 0.93 ± 0.30, 1.40 ± 0.32 vs. 
0.17 ± 0.08, mean ± SE, P = 0.001, P  = 0.04, respectively, Figure 4.9a), as other body regions 
were not pecked differently between genotypes. A significantly higher proportion of feather 
pecking was directed to the rump area in LSL hens in the WG compared to LT (2.77 ± 1.36 vs. 
0.47 ± 0.35, mean ± SE, respectively, P =0.004), (Figure 4.9b). 
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Figure 4.9 Distribution of feather pecking on various body parts in the PH (a) and WG 
(b) for LT and LSL laying hens. 
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4.2.3  Location of feather pecking activity: 
 
There were more pecks observed on the perches in LSL than LT, and there were no 
differences in the number of feather pecks at the other locations between strains (Table 4.13). 
 
Table 4.13 Effects of housing conditions and genotype on the mean (± SE) number of 
feather pecks at 4 locations: 
 
Genotype Location 
LT LSL 
P – 
value 
Feeding area 
Floor 
Perch 
Slats 
1.19(±0.27) 
1.86(±0.74) 
0.04(±0.04) 
0.12(±0.07) 
0.76(±0.25) 
2.16(±0.65) 
0.37(±0.17) 
0.07(±0.04) 
ns 
ns 
0.01 
ns 
               ns: non-significant. 
 
4.2.4  Behavioural activities in LT and LSL hens: 
 
 The results are summarised in Table 4.14. A significantly higher proportion of hens was 
recorded as foraging in LT hens compared to LSL (P < 0.001). The other categorised behaviours 
were similar in the two strains. All observed behaviours (except for feeding and drinking) were 
affected by housing area (P < 0.001). Standing and preening were significantly increased in the 
PH and WG compared to GL. The WG was more utilised for resting and dustbathing than the PH 
and GL. The proportion of foraging hens was significantly higher in the GL compared to WG and 
PH. The interactions between genotype and housing area were significant only for resting, 
foraging and dustbathing activities. In contrast, there was no interaction of genotype x daytime on 
any of the behaviours observed. 
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Table 4.14 Mean (±SE) percentage of the total number of LT and LSL laying hens 
observed performing various behaviours in inside and outside areas at different 
daytimes: 
 
Genotype Inside & outside areas Daytime Interaction Behaviour 
LT LSL 
P 
PH WG GL 
P 
am pm 
P 
GxH GxT 
Standing 
 
Resting 
 
Feeding 
 
Drinking 
 
Foraging 
 
Preening 
 
Dustbathing 
18.74 
(1.71) 
5.60 
(1.04) 
10.63 
(1.38) 
2.80 
(0.56) 
27.21 
(2.69) 
7.02 
(1.17) 
3.81 
(1.05) 
15.96 
(1.68) 
7.78 
(1.14) 
12.11 
(1.75) 
3.01 
(0.81) 
17.41 
(2.23) 
5.97 
(0.94) 
3.31 
(092) 
ns 
 
ns 
 
ns 
 
ns 
 
*
* 
 
ns 
 
ns 
 
26.01
a 
(1.64) 
6.51b 
(0.97) 
_ 
 
_ 
 
10.95
b 
(1.39) 
10.49
a 
(1.28) 
1.55b 
(0.49)
29.28
a 
(3.68) 
17.98
a 
(3.05) 
_ 
 
_ 
 
15.54
b 
(2.96) 
13.05
a 
(2.50) 
10.82
a 
(2.78)
7.59b 
(1.42) 
3.06b 
(0.81) 
_ 
 
_ 
 
32.14
a 
(3.09) 
2.23b 
(0.78) 
2.49b 
(0.93)
***
 
***
 
_ 
 
_ 
 
***
 
***
 
***
 
20.27 
(1.82) 
5.77 
(0.91) 
11.74 
(1.68) 
2.79 
(0.75) 
21.71 
(2.38) 
7.65 
(1.21) 
2.85 
(1.06)
14.43 
(1.54) 
7.62 
(1.25) 
11.01 
(1.46) 
3.01 
(0.63) 
22.90 
(2.61) 
5.92 
(0.88) 
4.28 
(0.91) 
** 
 
ns 
 
ns 
 
ns 
 
ns 
 
ns 
 
ns 
ns 
 
** 
 
_ 
 
_ 
 
** 
 
ns 
 
*** 
 
ns 
 
ns 
 
ns 
 
ns 
 
ns 
 
ns 
 
ns 
 
Means with the same letters are not significantly different, ns: non-significant. 
** P < 0.001, *** P < 0.0001, ns = not significant. 
G: genotype, H: housing area, T: daytime. 
 
4.2.5  Effect of genotype on the feather condition: 
 
 Figures for plumage condition on separated parts of the body as affected by genotype 
are shown in Figures 4.10, 4.11 and 4.12. Generally, feather scores increased with age during 
the laying period (Figure 4.13a). 
 
At the age of 20 weeks, none of the birds scored in both strains had damage to the 
feathers on the head and belly (Figures 4.12c, 4.10c). Also at 20-week of age, feathers on back, 
rump and tail were worse in LT compared to LSL (P = 0.01, Figure 4.12b, 4.13b, 4.13d). LSL 
birds showed significantly more damaged feathers on underneck, breast and leg compared to LT 
(P = 0.05, Figures 4.10a, 4.12b, 4.12a). Deterioration of the feathers on the neck and wing 
(coverts and primaries) were similar in both strains at the age of 20 weeks (Figures 4.11a, 4.11c, 
4.11e). 
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 From 30-week of age onwards, LSL hens had a significantly (P = 0.01) more damaged 
plumage on underneck, rump and belly than LT (except for the rump at 35 weeks and the belly at 
48 weeks of age) (Figures 4.10a, 4.10b, 4.10c). 
 
Figure 4. 10 Feather scores on underneck, rump and belly regions for LT and LSL 
laying hens at different ages (* P = 0.05, ** P = 0.01, *** P = 0.001). 
 
 The development of damage to the feathers on the neck, back and wing coverts over time 
had similar patterns (Figures 4.11a, 4.11b, 4.11c). No significant differences were found 
between strains on the former parts (except for the neck area at 48 weeks of age,  
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Figure 4.11 Feather scores on neck, back, wing (coverts & primaries) and tail for LT 
and LSL at different ages (** P = 0.01, *** P = 0.001). 
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LT hens showed more feather damage than LSL, 3.50 ± 0.13 vs. 3.00 ± 0.14, LS-Mean ± SE, 
respectively, P = 0.01). 
 
Figure 4.12 Feather scores on leg, breast and head for LT and LSL hens at different 
ages (* P = 0.05, ** P = 0.01, *** P = 0.001). 
 
 The pattern of changes in the condition of the flight feathers (tail, primaries, Figures 
4.11d, 4.11e) differed from other body parts. Although, tail and primary feathers were poorer 
than body feathers on other parts, during the 1st scoring at 20 week of age, later changes were 
less rapid. LT hens had a significantly more damaged plumage on the tail at 20 weeks and on 
the primary feathers at 25 and 30 weeks of age than LSL hens. In contrast, LSL hens had a 
significantly poorer feather condition on the tail at 30 weeks and on primaries at 40 and 48 
weeks than LT hens (P = 0.001). The leg and breast regions changed rapidly between 25 and 
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35 weeks of age (Figures 4.12a, 4.12b). LSL hens had damaged feathers on the leg and breast 
compared to none in LT hens in the 1st scoring at 20 and 25 weeks of age. At 48 weeks of age, 
LSL hens had a significantly (P = 0.05) better plumage condition on the leg and breast than 
LT hens. The pattern of changes in the feather condition on the head region differed between 
LSL and LT and this change had a linear character (Figure 4.12c). Feathers on the head were 
worse in LSL hens at 25 and 35 weeks than in LT (P = 0.05). LSL hens had a better feather 
condition at 48 weeks compared to LT (2.54 ± 0.16 vs. 3.07 ± 0.14, P = 0.01). 
 
The sum of the feather scores for the all body parts was significantly higher in LSL hens 
than in LT (28.06 ± 0.28 vs. 26.37 ± 0.26, LS-Mean±SE, respectively, P < 0.01). At 30, 35 and 
40 weeks, LSL hens had poor feathers than LT (28.77 ± 0.70 vs. 25.03 ± 0.65, 34.92 ± 0.70 vs. 
32.90 ± 0.65, and 38.58 ± 0.70 vs. 36.23 ± 0.65, respectively, Figure 4.13a).  
 
 
Figure 4.13 Feather (a) and skin injuries (b) scores of the whole body for LT and LSL 
laying hens at different ages (* P = 0.05, ** P = 0.01, *** P = 0.001). 
 
3.2.6  Effect of genotype on skin injuries: 
 
 The results of the skin injuries affected by genotype are shown in Table 4.15. More skin 
injuries were recorded on the rump, tail, belly and leg regions in LSL hens compared to LT (P < 
0.001). But non-feathered areas showed more injuries on the comb from LSL hens compared to LT 
whereas the feet had more wounds in LT hens than LSL. Beak length was similar in both strains.  
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 More skin injuries were recorded for all feathered and non-feathered areas in LSL hens 
compared to LT (Table 4.15, P < 0.001). At 20 week of age, few scratches were observed but 
these were not significantly different between the genotypes. Starting at 25 weeks, LSL hens had 
significantly more skin injuries than LT (Figure 4.13b). 
 
Table 4.15 Effect of genotype on skin injuries of feathered and non-feathered body 
areas (LS-Means, maximum (n)): 
 
Genotype Body areas 
LT LSL 
P - value 
Feathered:          Head 
Neck
Underneck
Back
Rump
Tail
Wing
Breast
Belly
Leg
0.02 (3) 
0.01 (2) 
0.01 (2) 
0.01 (2) 
0.04 (3) 
0.02 (1) 
0.00 (0) 
0.01 (1) 
0.16 (3) 
0.03 (2) 
0.01 (1) 
0.00 (0) 
0.00 (0) 
0.00 (0) 
0.41 (4) 
0.21 (3) 
0.01 (2) 
0.03 (2) 
3.10 (4) 
0.97 (4) 
ns 
ns 
ns 
ns 
< 0.00 
0.00 
ns 
ns 
< 0.00 
< 0.00 
Non-feathered:   Comb 
                          Foot 
                           Beak 
1.12 (3) 
0.31 (2) 
1.18 (3) 
1.45 (2) 
0.00 (0) 
1.18 (3) 
< 0.00 
< 0.00 
ns 
Total skin injuries * 1.74 (13) 6.18 (16) < 0.00 
* The whole body parts except for the beak. ns: non-significant. 
 
4.2.7  Effect of genotype on the frequency of movement and the proportion of time spent 
in inside and outside areas: 
 
 LSL hens moved significantly (P < 0.001) more frequently to outdoor enclosures 
compared to LT (46.38 ± 0.93 vs. 40.35 ± 0.60, LS-Mean ± SE / day, respectively). More LSL 
birds were recorded in outdoor areas at the ages of 30 and 33 weeks (July), 39 and 42 weeks 
(September) as well as at 45 weeks (October) than LT (Table 4.16). 
 
 
Table 4.16 Effect of genotype on the frequency of movement of birds between inside 
and outside areas at different months and related ages (LS-Means, SE, P-value): 
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Genotype Month 
(Week of age) LT LSL 
P – value  
July (30,33) 
August (36) 
September (39,42) 
October (45) 
November (48) 
December (51, 54) 
39.69 (±1.49) 
42.34 (±1.27) 
45.58 (±1.11) 
41.04 (±1.37) 
41.82 (±1.12) 
31.65 (±1.17) 
45.42 (±1.80) 
46.53 (±2.26) 
61.43 (±1.76) 
55.94 (±2.76) 
40.54 (±2.76) 
28.45 (±2.11) 
0.02 
ns 
< 0.001 
< 0.001 
ns 
ns 
ns: non-significant. 
 
 LSL hens spent significantly more time in the WG compared to LT (12.61 ± 0.35 vs. 
10.72 ± 0.22 % / day, LS-Mean±SE). In contrast, LT hens spent significantly more time on GL 
than LSL (23.69 ± 0.29 vs. 11.28 ± 0.45 % / day LSM±SE, Figure 4,14). 
 
 The proportion of time spent in outside areas (WG and GL) is shown in Figures 4.15 and 
4.16. LSL hens spent significantly more time in the WG at most ages than LT except for 36 weeks 
of age (August) where there were no significant differences between the two strains, as LT hens 
spent significantly more time in the WG at 51 and 54 weeks compared to LSL (Figure 4.15). 
 
 LT hens spent significantly more time on GL at all ages compared to LSL (Figure 4.16). 
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Figure 4.14 Effect of genotype on the duration of time hens spent in inside (PH) and 
outside areas (WG, GL) (ns: non- significant). 
 
 
Figure 4.15 The daily proportion of time hens spent in the WG for LT and LSL hens at 
different months and related ages (** P = 0.01, *** P = 0.0001). 
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Figure 4.16 The daily proportion of time hens spent on the GL for LT and LSL hens at 
different months and related ages (** P < 0.01, *** P = 0.0001). 
 
4.2.8  Relationships between body weight, feather score, skin injuries, frequency of 
movement and proportion of time spent outside: 
 
 Correlations at 0.40 and more were considered significant at a probability < 0.05 
(Tables 4.17, 4.18). LSL hens had significant correlations between feather scores and time spent 
in the PH (r = 0.64, P<0.001) and time spent on GL (r = –0.70, P<0.001).  
 
Table 4.17 Pearson correlation coefficients between body weight, feather score, skin 
injuries, movement frequency and time spent in PH, WG and GL per day (%) for LT 
hens: 
 
 Feather 
score 
Skin 
injuries 
Movement 
frequency 
Time spent in 
PH /day (%) 
Time spent in 
WG /day (%) 
Time spent in 
GL /day (%) 
Body weight  0.11 0.07 – 0.12 0.06 – 0.03 – 0.07 
Feather score  0.15 – 0.57* 0.68* – 0.69* – 0.65* 
Skin injuries   – 0.11 0.21 – 0.14 – 0.23 
* Statistically significant at P < 0.05 
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Table 4.18 Pearson correlation coefficients between body weight, feather score, skin 
injuries, movement frequency and time spent in PH, WG and GL per day (%) for LSL 
hens: 
 
 Feather 
score 
Skin 
injuries 
Frequency 
movement 
Time spent in 
PH /day (%) 
Time spent in 
WG /day (%) 
Time spent in 
GL /day (%) 
Body weight – 0.02 0.25 0.11 – 0.36 0.25 0.36 
Feather score  0.19 – 0.45* 0.64* – 0.37 – 0.70* 
Skin injuries   0.17 – 0.17 0.07 0.21 
* Statistically significant at P < 0.05 
 
4.2.9  Effect of genotype on body weight: 
 
 There was a significant (P < 0.001) effect of the genotype on body weight (mean ± SE, 
1856.20 ± 22.86 vs. 1642.71 ± 16.99 g for LT and LSL, respectively). LT hens had a significant 
(P ≤ 0.01) higher body weight at all ages (at 25, 35 and 45 weeks) compared to LSL. 
 
4.2.10  Effect of genotype on egg production: 
 
There was no difference in egg production between LT and LSL (0.77 ± 0.02, 0.80 ± 
0.03, mean ± SE eggs per hen per day, respectively). 
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5   DISCUSSION 
 
5.1  Methods 
 
The transponder system was effective in collecting individual information over an 
extended period of time. Particularly, the system allowed for a good estimation of the 
frequency of movement and the time a bird spent in inside and outside areas. It revealed a 
large degree of individual variation. Because of the inaccessibility of most of the area birds 
were kept, this would not have been possible to examine by direct observation. The 
transponders were attached to the wing-webs of the birds. By this way, the transponders were 
more securely fixed than the leg bands fixation because the transponders were not lost during 
our experiment. FREIRE et al. (2003) found a total of 48% of leg band transponders were lost 
at the end of lay. So the wing-web fixation proved to be more reliable for long-term 
identification period. 
 
5.2  Housing condition: 
 
Feather pecking 
  
The feather pecking was more pronounced in the group I (without grassland). This is 
in accordance with what was reported in the literature that access to a range area tended to 
reduce the rate of feather pecking due to lower stocking density / group size inside the house 
(APPLEBY et al. 1988; NICOL et al. 1999) and the more complex environment outside 
(HUBER-EICHER and WECHSLER 1998; WECHSLER and HUBER-EICHER 1998). The 
change to the new environment seemed to distract the birds and moved their attention away 
from the feathers of conspecifics. On the grassland, the birds spent most of their time feeding 
and foraging (APPLEBY and HUGHES 1991). This is in accordance with HUBER-EICHER 
and WECHSLER (1997) who suggested that housing conditions that promote foraging 
behaviour are effective in reducing and preventing feather pecking. 
 
The feather pecking activity was obviously decreased in the outside grass area 
compared to the outside roofed area. This may be attributed to the green food and its nutritive 
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value that stimulate the birds to eat more grasses and perform foraging-related behaviours 
like scratching and pecking to be directed to the ground. This is in accordance with 
BLOKHUIS and van DER HAAR (1992) who concluded that to prevent birds redirecting 
their ground pecks to the feathers of other birds not only the peckability / scratchability of the 
ground seem to be important but also other aspects like nutritive value or taste. 
 
The bout size of a feather pecking sequence is one parameter used to evaluate the 
severity of feather pecking in a batch of hens. As reported by KJAER and VESTERGAARD 
(1998) the bout size might say more about the severity and risk of damage than the total 
number of feather pecks. Subsequently, the higher number of bouts which are recorded in the 
group I are accompanied by a large bout size (number of feather pecks per bout). This was 
reflected on the plumage condition that was very poor in this group. 
 
The location of the birds within the house strongly influenced feather pecking. The 
highest frequency of feather pecking was recorded on the floor in the group I. This may be 
attributed to increased flock size and stocking density inside the house, perhaps as a 
consequence that these hens spent more time inside compared to the other groups II and III. 
It is obvious that the amount of space available for ground pecking was considerably reduced 
as flock size and stocking density increased (SAVORY 1995). Presumably, with increased 
stocking density the bird movements become restricted, the space between birds was 
occasionally reduced, and then the attractiveness of feather as pecking stimuli increased. 
 
Feather pecking to body parts: 
 
The uneven distribution of pecking to the respective body parts is in accordance with 
what was reported in previous studies. ALLEN and PERRY (1975) reared growers in cages 
and reported that in some cages most layers were pecked on the back and in others most were 
pecked on the wings. According to our results from observations in the inside area, more 
feather pecking was directed to the head / neck region than to other regions in other groups. 
In some studies, feather pecking was reported to be linked to other behaviour patterns such as 
feeding (HOFFMEYER 1969; BLOKHUIS 1986). Therefore, feeding competition may lead 
to an increase in pecking activity especially aggressive pecking that was directed mainly to 
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the head / neck region. This may explain why feather pecking was more observed in the 
inside area. In the outside roofed area, hens of group I pecked more to all body regions 
compared to other groups. This difference was confirmed by the poor plumage condition in 
this group. In addition, the increased time spent by this group in the winter garden might be 
related to dustbathing (VESTERGAARD 1994) as this has been reported to happen more 
frequently in the outside roofed area.  
 
Other behaviour activities: 
 
There was a tendency for more time to be spent in feeding behaviour for both the 
group I and II compared to the III. Feeding behaviour in hens can be strongly influenced by 
social facilitation (APPLEBY et al. 1992) and as hens spent more time in the house they 
consequently exhibited feeding behaviour. The hens of group III showed less time spent in 
feeding compared to the group II. One possible explanation of our results could be, that the 
grasses were less damaged in the group that had access to a large area on grassland so that 
increased foraging grass may reflect less feeding time. This is in accordance with HUGHES 
and DUN (1984) who observed that medium hybrid hens in a small flock on free range, with 
access to ad libitum mash inside their house, ate grasses from the pasture, estimated at 50 g 
dry matter/day. So this amount of grass, which has relatively high fibre content, would have 
made an appreciable contribution to the hens’ energy requirements. An interesting finding is 
the relationship between feeding behaviour and body weight. Group III had decreased body 
weights compared to other groups at 35 and 45 weeks of age. 
 
Resting behaviour was increased in the group I compared to the other groups. The 
frequency of movement from inside to the winter garden was decreased when compared to the 
movements between the three parts (the house, winter garden and grassland). So the 
differences in time spent in resting behaviour may be attributed to the differences in the time 
spent either in the movement to the outside or stay in the outside grass area.  
 
Foraging behaviour was similar between groups. This may explain that the winter 
garden was a suitable area to perform foraging behaviour for group I and that they spent more 
time in the winter garden than others. But the higher rate of feather pecking that was observed 
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in the group I may be attributed to less stimulating housing conditions (HUGHES and 
DUNCAN 1972; BLOKHUIS and ARKES 1984; VESTERGAARD and LISBORG 1993). 
 
Condition of integument: 
 
The hens kept under restricted housing conditions (group I) had worse feathers than 
the other groups with access to the vegetation area. The possible explanation for our finding 
is that the difference in feather pecking behaviour among groups was reflected in the 
plumage condition. Therefore, feather pecking activity that was highest in the group I led to 
destruction of the feathers. In addition, damaged feathers stimulate more feather pecks 
(MCADIE and KEELING 2000). VESTERGAARD et al. (1993) and BILCIK and 
KEELING (1999) demonstrated that severe feather pecks and not gentle feather pecks or 
aggressive pecks are the cause of most of the feather damage on the body of the laying hens. 
Consequently, the increased severe feather pecking found in the group I might explain its 
poor feather condition. 
 
Feather scores increased with age during the laying period in all groups. It has been 
shown that hormonal changes (like oestrogen and progesterone) during the onset of lay can 
influence the occurrence of feather pecking (HUGHES 1973). This may explain the rapid 
changes in feather condition of various body parts that were recorded from 20 weeks of age. 
 
However, not all feather damage can be attributed to pecks received in this 
experiment. In the case of the underside of the neck, feeder edges may have contributed to 
abrasions of the feathers. The damage on the primary wing feathers and tail may be attributed 
to abrasion at the walls of the passages between inside and outside areas.  
 
The first feather loss was observed on the rump area in the group I at the age of 25 
weeks. The rump, belly and breast were the first areas to become denuded in this group at the 
age of 35 weeks. In the groups II and III, the breast was the first area to become denuded at 
35 weeks. On the other hand, the belly received more pecks from the total pecks compared to 
rump in the group I. The breast received very few pecks. This may explain why large bald 
patches resulted from relatively few pecks. Another possible explanation would be that the 
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belly area was soft and the feathers on it were more delicate so that this may have 
encouraged the birds to pull out feathers. Pulled out feathers were frequently swallowed 
especially downy feathers and competition for these feathers was occasionally observed 
(BILCIK and KEELING 1999). The difference in feather damage among birds in the 
different groups and also within the groups was less for the wing primaries and tail feathers. 
This may be attributed to their strong shafts and their fixation in the body in addition to the 
few pecks that were directed to these flight feathers. 
 
The results of the behavioural observations show that, even considering the 
differences in the areas of the body regions, there are differences in the number of pecks that 
are directed towards them. This difference in the attractiveness of the regions may be a 
consequence of the structure of the feathers, or on the ease of access to a particular part of the 
body (BILCIK and KEELING 1999) or the condition of the feathers in that part. It is likely 
that the caudal parts that were away from the head (including rump, tail and belly) may be 
safe and easy accessible for the pecker especially when the recipient bird performed 
dustbathing (VESTERGAARD 1994) or is in a foraging position (the head in a lower 
position than the rump). In addition, damaged or broken feathers or even denuded areas due 
to feather loss may stimulate more feather pecking (MCADIE and KEELING 2000).  
 
WOOD-GUSH and ROWLAND (1973), in an experiment with pen-housed Brown 
Leghorns, reported that most feather pecks were delivered to the rump, followed by the tail 
and back. SAVORY and MANN (1997) observed that most feather pecks were delivered on 
the back and thigh in Hisex hens and White Leghorns respectively. NORGAARD-NIELSON 
et al. (1993) found feather pecking on the breast and back of White Leghorns was the most 
pronounced. According to our inside observations, the rump received the most of feather 
pecks followed by the back and tail in both groups II and III. In contrast, the belly followed 
by the back and rump received the most feather pecks in the group I. But in the outside 
roofed area, the picture differed for the groups II and III where feather pecking on the belly 
was the most pronounced followed by rump and tail. From these findings, the belly area was 
the main region pecked in the hens that spent more time in the outside winter garden. In this 
run, the target bird spent more time in dustbathing, foraging and scratching and thereby 
facilitates access to the belly in these positions. 
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On grassland, the most feather pecks were directed to the head and this means that 
aggressive pecking was predominant in the outside area. Generally, the incidence of 
aggressive behaviour is higher in alternative systems than in the cage (APPLEBY and 
HUGHES 1991). The reason for that might be the dominant-subordinate relationships which 
are developed in the outside area, and thus the motivation for aggression remains. 
 
Most of the skin injuries were observed in the group I. As expected, more frequent 
feather pecks led not only to feather damage but also to skin injuries. This is in accordance 
with KJAER and ISAKSEN (1998) who found more injuries from pecking followed by a 
much higher mortality from cannibalism. The most skin injuries were recorded on the belly 
(wounds less than 1 cm in diameter) and tail (scratches). At the age of 20, 25 and 30 weeks, 
when no denuded areas were found, only few scratches or small wounds (< 1cm in diameter) 
were found. Starting at the age of 35 weeks, the group I had significantly more skin injuries 
than other groups. This may be attributed to the condition of the plumage that was the worst 
in the hens of group I at 35 weeks of age hence the possibility to suffer skin injuries 
increased. 
Beak length and deformity was scored in this study and a significant difference due to 
housing conditions was found. Group I had longer and deformed beaks than other groups. 
The hens with access to outside vegetation area used their beak extensively and for more 
time than other restricted hens. These activities may have shorten the length of the beak. 
 
Movement to the outside areas 
 
Group III moved more frequently to the winter garden and grassland than the group II. 
On the contrary, the hens of group II spent more time on grassland and less time in the 
outside roofed area compared to group III. On small pastures which permit overall vision, the 
dispersion of animals was faster than on large pastures (FRASER and BROOM 1990). 
Furthermore, outside birds display a non-random distribution, with bird density decreases as 
distance from the house increases (KEELING et al. 1988). One possible explanation of our 
results could be, that the birds of group II to some extent had visual contact with each other 
and with pop-holes. Therefore, they were less fearful because they can escape easily and 
quickly to the inside due to the small distance between them and the pop-holes. Also the 
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possibility of exposure to or seeing of novel objects was more obvious in the large grassland 
area than in the small one (JONES 1996), Figure 5.1. Whereas, the outside roofed run offered 
more protection for the group III that spent more time in it. LÖLIGER et al. (1981) reported 
a rather high incidence of predation by birds of prey in German free range units. On the other 
hand, frequency of movements in the group II was less as a result that they stay in the 
vegetation area for a longer time. Utilization of the outside open area is considered as an 
indicator for a positive interaction with the new environment. 
 
It is obvious that the frequency of movement was less between two areas compared to 
three areas. Therefore, the groups II and III moved more frequently than the group I. But the 
comparison among groups in relation to the movement between only the house and winter 
garden showed a higher frequency of movement in the group I than in II and III. This is 
attributed to the use of grassland and winter garden several times throughout the day without 
passing to the inside area.  
 
 In all groups, the highest frequency of movement to the outdoors was recorded in 
September. In this month, probably, the temperature was in the theromneutral range (from 21 
to 24°C) (APPLEBY et al. 1992) in both inside and outside areas. Therefore, the birds were 
not exposed to any climatic stress. On the other hand, in the winter months when the 
temperature decreases sharply outside as compared to inside conditions, the birds tended to 
utilise the winter garden instead of the outside opened area as the group I preferred to stay 
inside the house which their welfare was affected. This result was in accordance with 
SAINSBURY (1980) who reported that free range birds are subjected to extreme weather 
conditions and therefore the welfare may be poorer during extreme winter weather.  
 
Under cold conditions a rise in heat production requires an increase in feed 
consumption, so the birds spent more time inside for feeding especially those that had a poor 
feather condition. Although low ambient temperatures and higher wind speeds, such as 
experienced by the free range chickens, encourage heat loss to the environment (WATHES 
and CLARK 1981a; MITCHELL 1985; BAKKEN 1991; TZSCHENTKE et al. 1996; 
McCAFFERTY et al. 1997a,b). Free range chickens can behaviourally inflence 
thermoregulation by remaining inside the hen houses (WARD et al. 2001), covering bare 
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areas with the surrounding feathers or sit in clusters (WATHES and CLARK 1981b) to 
reduce heat loss. 
 
Destruction of vegetation especially near the house was common in free range system. 
In our experiment, group III showed little damage to grass area compared to group II. This 
may be attributed to the low stocking density on grassland for group III (10 m²/bird) 
(APPLEBY et al. 1992). 
 
5.3  Genotype: 
 
Feather pecking: 
 
The overall number and bouts of feather pecking as well as pecks per bout were 
similar in both genotypes. The feather pecks were few in general and tend to be performed 
more frequently in the winter garden by LSL hens than LT. The number of feather pecks per 
bout was low compared to the results from KJAER (2000) who found an average of 13.8 
(LSL) and 7.51 (LB) pecks per bout in hens that were kept in aviary systems, respectively. 
This may be attributed to the housing systems that was used. Access to the range tended to 
lower the rate of feather pecking in LSL and LT (KJAER and SØRENSEN 2002).  
 
However, LSL hens spent more time in the outside roofed area than LT and most of 
dustbathing was performed in the winter garden. Therefore, the dark substrate particles that 
were scattered on and among the white colour feathers of LSL may stimulate more pecks than 
when the background was brown. This may explain why the LSL hens tended to peck more 
frequently than LT especially in the winder garden. This explanation is in contrast to findings 
of SAVORY and MANN (1999) who reported that light-coloured particles on dark plumage 
might be a more potent pecking stimulus than dark particles on light plumage. The contrary 
results may be attributed to a difference in the substrate (wood shavings and peat) which was 
used. In addition, birds in the outside roofed area were exposed to high intensive natural 
daylight that might have stimulated feather pecking. This is in accordance with the findings of 
several authors (e.g. HUGHES and DUNCAN 1972; BRASSTAD 1986; KJAER and 
VESTERGAARD 1998) who found more feather pecking at higher light intensity. 
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Figure 5.1. Model of explanation for the impact of outdoor utilisation on feather 
pecking. 
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LSL hens showed significantly more feather pecking on the perches compared to LT. 
This may be attributed to the sitting position of the target birds on the perches, thereby 
providing easy access to peck them from the ground especially pecking the belly region 
(BILCIK and KEELING 1999). As a consequence of the bald patches that were obvious on 
the bellies of the LSL hens, the feather pecking might have increased when the birds were 
sitting on the perches. 
 
Feather pecking to the body parts: 
 
Indoors, LT hens directed most of their feather pecks towards the head / neck region 
then to the rump region. LSL hens pecked more to the rump, tail and belly. While in the 
winter garden, LSL directed most of their feather pecks to the rump region followed by the 
belly. LT hens showed in general few feather pecks that were directed to the belly and rump. 
This means that LT hens were more aggressive compared to LSL and the most of their 
aggressive pecking occurred inside. The number of aggressive pecks was numerically higher 
for LT hens than LSL. The caudal area (the rump, tail and belly) of the LSL hens was 
exposed to most feather pecking. This is in accordance with WOOD-GUSH and ROWLAND 
(1973) who reported that the rump region is more exposed to the feather pecking followed by 
the tail and the back in pen-housed Brown Leghorn. But in this experiment the belly area was 
also affected. The possible explanation for this might be that the position of the belly near the 
tail and rump plays a role. 
 
Other behaviour activities: 
 
The outside vegetation area was more attractive to birds for performing foraging 
behaviour than inside and outside roofed areas. However, foraging behaviour is inversely 
related to feather pecking (HUBER-EICHER and WECHSLER 1997) and strain differences 
in feather pecking may depend on the genetic difference in foraging behaviour (KLEIN et al. 
2000). These reports are in contrast with our results that show that the percentage of LT hens 
engaged in foraging behaviour was significantly higher than in LSL, although the feather 
pecking was similar in LSL and LT hens. This may be attributed to the housing condition as 
the vegetation area is attractive to the birds not only to spend more time foraging but also to 
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perform good quality foraging-related behaviours. Adding to this, LT hens spent more time 
on grassland compared to LSL that preferred to stay in the winter garden. This may explain 
why these two strains differed in foraging activities and not in the rate of feather pecking. 
 
Condition of integument: 
 
A finding of interest was that severe feather pecking appeared to be more obvious in 
LSL compared to LT hens. This suggests that the plumage condition was strongly influenced 
by the category of feather pecks regardless the overall number of feather pecks. Therefore, in 
general LSL hens had poorer feather condition compared to LT. The damaged and broken 
feathers appeared first on the rump. Thereafter the bald areas were observed not only on the 
rump but also on the belly and leg in the LSL hens. This suggests that the rump region may 
be the target area for most of the non-aggressive feather pecking. In accordance with our 
results, WOOD-GUSH and ROWLAND (1973) found that most of the feather pecks were 
directed to the rump followed by the tail and back in a group of Brown Leghorns.  
 
On the other hand, the belly and tail areas, which form with the rump the caudal part 
of the body, are exposed to more pecks than other body parts except for the head / neck 
region. This led to injuries of the skin in these areas in addition to the leg region. This 
indicates that, in most occasions, the feather pecking, not aggressive, may lead to injuries of 
the skin when the feathers are lost and left the skin without protection. The head and neck 
region showed fewer injuries. This may be attributed to the flexible movement of the head 
away from the pecker, hiding the head down, or escape of pecked bird to slatted areas  
(FREIRE et al. 2003) or perches in order to avoid attacks or repeated attacks. 
 
In general, LSL hens showed more severe skin injuries than LT. The injury of non-
feathered areas was significantly affected by genotype. The comb of LSL hens showed more 
injuries than in LT hens. One possible explanation might be that the comb size was larger in 
LSL hens than in LT that may have acted as a stimulus for receiving more pecks instead of 
head. This is in agreement with (CLOUTIER and NEWBERRY 2002b) who suggested that 
large combs either elicit attacks to the head and neck area or increase vulnerability to injury 
during such attacks. The foot region was more damaged in LT hens compared to LSL. Foot 
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condition may deteriorate severely if the litter becomes wet in common floor systems (HILL 
1986). In comparison with LSL, LT spent more time outside whereby the foot damage may 
have occurred when the outside run became more wet due to rainfall or high moisture.  
 
Movement to the outside areas: 
 
The outside area was more extensively used by LT hens compared to LSL that 
preferred to spend more time in the winter garden. This was reflected in the differences in 
movement frequencies of both strains between inside and outside areas, whereas LSL hens 
moved more frequently to the outdoor areas than LT. Previous results from laying hens 
(KJAER and ISAKSEN 1998; MAHBOUB et al. 2002a) showed a substantial variation 
between strains in the use of outdoor areas. The low use of the range area by some layer 
strains is less likely to be due to impaired walking ability, and more likely due to some 
aspects of fear connected either with leaving the indoor area or with staying in an 
unprotected outside area (JONES 1996). One possible explanation for our results could be, 
that LSL, that visited the outside area more frequently for a short time, were probably more 
fearful. On the other hand, LT hens that spent more time outdoor were exposed to a wider 
variety of stimuli outside, so reacted less fearful to novel stimuli (Figure 5.1). Previous 
studies with domestic fowl (JONES and FAURE 1981; JONES 1985; GRIGOR et al. 1995) 
which showed that birds exposed to a wider variety of stimuli had lower fear levels, would 
tend to support the former explanation. This phenomenon has also been observed in other 
species; for example, beef calves from restricted (barren) housing displayed more fear 
responses to a novel stimulus in an unfamiliar area than calves from loose (enriched) housing 
(McKAY and WOOD-GUSH 1980). Another finding of interest was that LT hens utilised 
the winter garden more extensively in the winter months than LSL hens. This may be 
attributed to the feather condition which was better in LT hens. Therefore, these feathers 
might better protect the body from heat loss to the environment (DESCHUTTER and 
LEESON 1986). 
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5.4  Diurnal rhythm of feather pecking: 
 
Housing conditions and genotype had no significant effects on diurnal rhythm of 
feather pecking. But feather pecking in general tended to occur more frequently in the 
afternoon. This is in accordance with previous studies that found that feather pecking activity 
varied during the day in general (PRESTON 1987) and between 08:00 and 14:00 during the 
light phase (KJAER 2000). Laying hens might show more feeding (APPLEBY et al. 1992) 
and dustbathing (VESTERGAARD 1982b) activities in the afternoon, which might be 
accompanied by more feather pecking. 
 
5.5  Relationship between feather score, skin injuries, frequency of movement and time 
spent in inside and outside areas: 
 
In relation to housing condition (that permits the hens to access the outside vegetation 
area) and genotype, the feather score was significantly negatively related to the frequency of 
movement to outdoor enclosures. In addition, a high positive correlation was found between 
feather damage and skin injuries. This means that the birds that moved frequently to the 
outside area had the least problems with mortality from cannibalism.  
 
In LSL hens, the feather damage was positively correlated with the duration of time 
spent in the house and negatively with the time spent on grassland. Therefore, LSL hens, that 
preferred to stay inside the house, had a poorer plumage condition. This probably leads to a 
high incidence of skin injuries and also cannibalism. 
 
5.6  Conclusion: 
 
The results of this study suggested that the outside vegetation area not only stimulated 
ground directed activity and suppressed the development of non-aggressive pecking but also 
provides them with a nutritive value.  
 
Therefore, changes in the housing conditions with respect to incentives that elicit 
foraging behaviour were associated with predicted changes in the rate of feather pecking. As 
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a consequence, the birds should have a chance to move outside and allowed to forage and 
explore the outdoors and thereby increase their choice of environments and food sources, 
encourage activity and thus improve their welfare. 
 
Furthermore, planting the vegetation area with several shrubs or trees at different 
distances from the pop-holes or scattered in different places in order to break down the barren 
expanse of the grassy field to many areas, was recommended. These measures should result in 
better overall usage of the outside grassland and thereby not only reduce the grass damage 
close to the house but also may offer suitable protection for the birds. 
 
Quite large differences between genotypes were found in respect to the frequency of 
movement to the outdoor area, the time spent outside and plumage and skin damage. LT hens 
that spent more time in the outdoor open area were exposed to a wider variety of stimuli in the 
outside, so they may be less fearful to novel stimuli than LSL. This interpretation is supported 
by the duration of tonic immobility that was higher in LSL hens compared to LT (recent 
unpublished data). Therefore, utilisation of the novel environment and not the frequency of 
movement to it have to be considered in order to assess the adaptation to the new 
environment. 
 
The welfare of hens that used the grassland area more extensively seemed to be 
superior compared to the welfare of hens that stayed indoors or in the winter garden. 
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6   SUMMARY 
 
Feather pecking, body condition and outdoor use of two genotypes of laying hens 
housed in different free range systems 
Hamada D.H. Mahboub 
Clinic for Birds and Reptiles, Faculty of Veterinary Medicine, University Leipzig 
Department of Animal Breeding and Husbandry, Faculty of Agriculture,  
Martin-Luther University Halle-Wittenberg 
88 pages , 25 figures, 25 tables, 144 references 
 
The aim of this work was to investigate the frequency of movement of laying hens 
between indoor and outdoor enclosures and the time hens spent outside the hen house in relation 
to feather pecking and condition of the integument.  
 
The effect of housing condition was studied in experiment 1. The laying hens (Lohmann 
Traditional) were kept in three groups of 50 each. According to the presence or absence of the 
outside grass area and the stocking density on grassland, one group was housed without 
grassland (group I) and the other two groups differed in the density on the grass area (2.5m² and 
10m²/bird, group I and II, respectively). Experiment 2 studied the effect of genotype. Two strains 
(Lohmann Traditional, LT and Lohmann Selected Leghorn, LSL) were housed with free access to an 
outside vegetation area. The poultry house (6 birds/m²) was attached to a winter garden (a 
roofed scratching area with 8 m²) from which there was an access to an outdoor enclosure. All 
birds were equipped with transponders to record the individual frequency of movements between 
inside and outside areas and the time hens spend in each area during 24 hours. Behavioural 
observations were performed at the age of 23, 27, 31, 35, 39 and 47 weeks. All pecks were 
recorded from videotapes as follows: the kind of peck, the body regions that received the pecks 
and the location of the recipient birds was recorded. Other behavioural activities included 
standing, resting, feeding, drinking, foraging, preening and dustbathing. Feather scoring was 
carried out at 6 ages: 20, 25, 30, 35, 40 and 48 weeks. The score ranged from 0 (no damage) 
to 6 (completely denuded area).  
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Results from experiment 1 showed that high rates of feather pecking are observed in the 
group I compared to groups II or III (6.97±1.71 vs. 4.09±1.03, 3.22 ± 0.74, (mean ± SE), P = 
0.04, respectively). Group I showed significantly more severe feather pecking (14.87±4.31) 
compared to gentle (4.17±2.21) and aggressive (1.87 ± 0.53) within the group (P < 0.001) and 
between groups II or III (6.53±1.74, 4.10±1.12, respectively, P = 0.001). The group I had a 
poorer feather condition compared to group II and III (29.38±0.27 vs. 26.60±0.25 and 
26.37±0.26, LS-Mean ± SE, respectively, P < 0.001). Group III moved significantly more 
frequently to the outdoor areas than group II. The frequency of movement between the poultry 
house and winter garden was higher in the group I. Hens of the group II spent significantly more 
time on the grassland than group III (25.87±0.28 vs. 23.69±0.30, LS-Mean ± SE, respectively, 
P<0.001). Experiment 2 showed that the genotype had no significant effect on feather pecking 
activity in inside and outside areas. A high rate of severe pecking was observed in LSL hens 
compared to gentle and aggressive pecking (6.73±1.90 vs. 2.10±0.72, 1.27±0.36, mean ± SE, 
respectively P<0.01). The plumage condition was worse in LSL than in LT hens (28.06±0.28 vs. 
26.37±0.26, LS-Mean ± SE, respectively, P < 0.001). LSL hens moved more frequently to the 
outdoor enclosures compared to LT (46.38 ± 0.93 vs. 40.35 ± 0.60, LS-Mean ± SE / day, 
respectively, P < 0.001). But LT hens spent significantly more time on GL than LSL (23.69 ± 0.29 
vs. 11.28 ± 0.45 % / day LS-Mean ± SE, respectively, P<0.001). 
 
It is concluded that the outside vegetation area stimulated ground directed activity and 
suppressed the development of non-aggressive pecking. Large differences between genotypes 
were found in respect to the frequency of movement to the outdoor areas, the time spent 
outside and plumage and skin damage.  
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Martin-Luther Universität Halle-Wittenberg 
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Ziel dieser Arbeit war eine Untersuchung zur Häufigkeit des Wechsels von Legehennen 
zwischen Innen- und Außenbereichen, einschließlich der Aufenthaltsdauer außerhalb des Stalles, 
in Relation zum Federpicken und der Beschaffenheit des Integumentes.  
 
Der Einfluss der Haltungsbedingungen wurde im 1. Experiment untersucht. Dazu wurden 
Legehennen (Lohmann Tradition) in drei Gruppen á 50 Tiere gehalten. In Abhängigkeit von der 
Anwesenheit bzw. der Nicht-Anwesenheit eines Grünauslaufs und der Besatzdichte auf dem 
Grünland wurden eine Gruppe ohne Grünauslauf und zwei weitere Gruppen bei 
unterschiedlicher Besatzdichte auf dem Grünland gehalten (2.5m² und 10m²/Tier). In Experiment 
2 wurde der Einfluss des Genotyps untersucht. Zwei Legehennenlinien (Lohmann Tradition, LT und 
Lohmann Selected Leghorn, LSL) wurden bei freiem Zugang zu Grünausläufen gehalten. An den 
Hennenstall (6 Tiere/m²) schloss sich ein Wintergarten an (ein überdachter Scharraum mit 8 m² 
Grundfläche), aus dem wiederum ein Zugang zu einem Grünauslauf vorhanden war. Alle Hühner 
wurden mit Transpondern ausgerüstet, um die individuelle Anzahl der Wechsel zwischen Innen- 
und Außenbereichen und die Aufenthaltsdauer in jedem der Bereiche über 24 Stunden zu 
erfassen. Verhaltensbeobachtungen wurden im Alter von 23, 27, 31, 35, 39 and 47 Wochen 
durchgeführt. Alle Pickaktivitäten wurden wie folgt von den Videoaufnahmen erfasst: die Art der 
Pickaktivität, die betroffene Körperregion und der Aufenthaltsort des Empfängertieres. Andere 
Verhaltensaktivitäten wie Stehen, Ruhen, Fressen, Trinken, Federputzen, Futtersuche und das 
Staubbaden wurden ebenfalls erfasst. Eine Gefiederbonitur wurde während 6 Altersstufen im 
Alter von 20, 25, 30, 35, 40 und 48 Wochen durchgeführt. Die Benotungsspanne reichte von 0 
(keine Schäden) bis 6 (komplett unbefiederte Region).  
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Die Ergebnisse aus Experiment 1 zeigten, dass die Gruppe ohne Grünauslauf im 
Vergleich zu den Gruppen mit den Besatzdichten von 2.5m² und 10m² pro Tier auf dem 
Grünland die höchsten Federpickaktivitäten aufwiesen (6.97±1.71 vs. 4.09±1.03, 3.22±0.74, 
(mean ± SE), P = 0.04). Hennen ohne Grünauslauf zeigten zudem ein signifikant häufigeres 
heftiges Federpicken (14.87±4.31) im Vergleich zu einer milderen (4.17±2.21) bzw. 
aggressiven Form (1.87±0.53) innerhalb der Gruppe (P < 0.001) und im Vergleich zu anderen 
Gruppen (2.5m²/T und 10m²/T auf dem Grünland, 6.53±1.74, 4.10±1.12, P = 0.001). Die 
Gruppe ohne Grünauslauf hatte eine schlechtere Gefiederbeschaffenheit im Vergleich zu den 
anderen Gruppen mit 2.5m²/T und 10m²/T Besatzdichte auf dem Grünland, (29.38±0.27 vs. 
26.60±0.25 and 26.37±0.26, LSM ± SE, P < 0.001). Hennen, denen eine große Auslauffläche 
angeboten wurde, (10m²/T) bewegten sich signifikant häufiger zu den Auslaufflächen als andere 
mit einem Angebot von 2.5m²/Tier. Hennen, die bei einer höheren Besatzdichte (2.5m²/T) im 
Grünauslauf gehalten wurden, hielten sich jedoch länger in diesem Bereich auf als Hennen mit 
einer geringeren Besatzdichte von 10m²/T auf dem Grünland (25.87±0.28 vs. 23.69±0.30, 
LSM ± SE, P < 0.01). Das 2. Experiment verdeutlichte, dass der Genotyp keinen signifikanten 
Einfluss auf die Federpickaktivität im Innen- und Außenbereich ausübt. Die schlechteste 
Gefiederbeschaffenheit wiesen LSL-Hennen im Vergleich zu LT-Hennen auf (28.06±0.28 vs. 
26.37±0.26, LSM±SE, P < 0.001). LSL-Hennen bewegten sich im Vergleich zu den LT Hennen 
häufiger zu den Grünausläufen (46.38±0.93 vs. 40.35±0.60, LSM ± SE / Tag, P < 0.001). 
Dennoch hielten sich die LT- Hennen im Vergleich länger auf dem Grünland auf (23.69±0.29 vs. 
11.28±0.45 % / Tag LSM ± SE, P < 0.001). 
 
Es kann geschlussfolgert werden, dass die Vegetation im Auslauf zu Aktivitäten 
anregt, die „auf den Boden gerichtet sind“, und damit die Entwicklung von nicht-
aggressivem Federpicken unterbindet. Zwischen den beiden Genotypen wurden große 
Unterschiede bezüglich der Häufigkeit der Wechsel zu den Ausläufen, der Aufenthaltsdauer 
im Grünauslauf sowie der Gefiederbeschaffenheit und bezüglich vorhandener Hautschäden 
festgestellt.  
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